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SUMMARY
The nature of sensory organisation - how information is 
transferred or recognised as equivalent between the 
various senses and whether a dominance hierarchy exists 
between them - is a topic which has interested man since 
at least the time of the ancient Greeks. This thesis 
focuses on the relationship between the visual and 
haptic senses and how this relationship changes during 
development.
While it was previously known that adults achieve a 
unified percept in the face of conflicting visual and 
haptic information by a process of visual capture, there 
have been conflicting reports in the research literature 
on why this situation obtains and on the reactions of 
young children to such a situation.
Two methodologies,, the cross-modal transfer paradigm and 
the conflict paradigm, have been widely used in the 
study of sensory organisation. The conflict paradigm, 
used to explore possible sensory dominance hierarchies, 
has been widely criticised. In the present study a 
methodology has been developed which meets these 
criticisms; it has been used to study the hierarchical 
organisation of vision and touch in subjects from early 
childhood to adulthood.
Visual bias has been shown to occur across all age 
groups in haptic judgements of size, shape and texture 
regardless of the nature of the visual distortion. In 
contrast to most previous researchers, visual bias has 
been demonstrated to decrease with age and to be 
inversely related to haptic accuracy.
The observed decrease in visual bias with age is 
accounted for in terms of the concomitant increase in 
the ability of subjects both to recognise the unnatural 
nature of the tasks they are being asked to perform and 
to adopt a problem-solving approach to the tasks. 
Through this type of approach all possible sources of 
information are sought and critically evaluated.
A theory has been proposed to account for the occurrence 
of visual bias. The theory proposes that haptic 
judgements involve the transduction of the haptic 
information to a visual representation and that it is on 
this representation that all comparisons and judgements 
are made. According to this theory the occurrence of 
visual bias arises from the difficulty of developing an 
accurate transduction in the presence of similar but 
different visual information.
The theory predicts that performance on a haptic task 
would deteriorate more in the presence of a simultaneous 
visual task than an auditory task of equivalent 
difficulty. This prediction has been tested and 
confirmed.
The proposed theory has been shown to account for the 
order of difficulty normally reported for inter and 
intra-modal visual-haptic tasks and also to have 
explanatory value for data reported from other research 
into intermodal organisation.
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Chapter 1 : INTRODUCTION
At a recent Exhibition of Man at the Natural History
lîfj'. ■ Museum one of the walkways required the visitor to cross
an area which appeared to be a deep chasm. In fact this 
section of the walkway was made of glass which reflected 
the walls and ceiling to give merely the impression of a 
chasm. Understanding of the effects of mirrors, visual 
illusions and the security of a psychology degree 
provided me with little comfort: walking across that
chasm was an unpleasant experience. Observation of 
other visitors confirmed that my discomfort was not 
unique. Many people hovered with one leg over the chasm 
but could not bring themselves to cross. Childreh 
behaved similarly but more frequently crossed the chasm 
and quickly returned with other unsuspecting friends or 
• family whose discomfort could be watched.%:
•4'.:< Other than providing an amusing diversion, what was the
>2- value of the exhibit? Were people frightened to cross
i because mirrors are usually made of glass and might
■ break under the weight of a person, plunging him into
the unknown depth below? Or are there more important 
implications for the understanding of the integration 
and organisation of information from our many senses? 
Was the visual information for a chasm influencing the 
haptic kinesthetic information for a safe walkway?
The organisation of information from our various sensory 
modalities is a topic known to have interested mankind 
since at least the time of the ancient Greeks; witness 
Aristotle's Sensis Communis.
Most events to which we, as adults, attend involve 
stimulation of more than one of our senses. We see 
someone walk and hear his footsteps; when peeling an 
orange we see the skin leaving the flesh, feel the pith 
encroach beneath our finger nails and smell the zest. 
As adults we accept that these are all facets of the 
same event. We do not expect information from the same 
source to conflict - to see an orange being peeled but 
to smell a banana. Equally we experience little 
difficulty mapping from one sense to another: if when
blindfolded we were given an orange to handle we would 
subsequently experience little difficulty in visually 
identifying the orange from a selection of fruits. We 
deploy our separate sensory systems, vision, hearing, 
touch, taste etc. in a co-ordinated fashion to maintain 
a stable unified perspective on the world.
At present it is unclear whether babies and young 
children have the same sensory expectations and 
abilities as adults. Whether information can be 
transferred between the senses at birth or if this is an 
ability which is achieved during maturation is similarly 
unclear. It is equally unknown whether the senses of 
infants and young children are controlled by a dominance 
hierarchy or relationship and if it is the same as that 
experienced by adults.
The nature of the relationship between the visual and 
haptic senses is the subject matter of this thesis. The 
initial aim of the research constituting the thesis is 
to establish whether a dominance relationship exists 
between these senses in preschool children and if this 
relationship changes at any stage in development.
Previous research relevant to these topics has utilized 
two main research strategies, the cross-modal transfer 
paradigm and the conflict paradigm. The introduction to 
this thesis follows a chronological approach, surveying 
and analysing research from these two approaches with 
respect to three developmental phases infancy, childhood 
and adulthood (sections 2, 3, and 4 respectively). In 
section 5 experimental results published to date are 
summarised and theories of intermodal organisation are 
presented. Specific questions addressed by the present 
work are posed in section 6.
1. TERMINOLOGY
Before discussing previous studies in detail it is 
important to introduce and define some of the 
terminology which is used. In some cases more than 
one term is in use in the literature for the same 
task or effect (e.g. intermodal and cross-modal), or 
two words which in lay language have very similar 
meanings take highly specific and different meanings 
in the context under review (e.g. tactual and haptic) 
- situations which can easily lead to confusions.
In the research literature relating to touchy tactual 
information is gained from passive touching or 
holding of the object or the passive placement of the 
object on the skin of the subject, as opposed to 
active exploration of the object by fingers thumbs 
palm, etc., the latter form of exploration being 
referred to as haptic. Kinesthetic information is 
gained from the spatial location of the limb in 
relation to the object by such methods as pointing to 
the object or by holding a stick which is moved 
around the perimeter of the object.
As previously indicated, we are multi-modal 
perceivers i.e. we receive information from each of 
our various senses or modalities. The information 
from each sense is physically different and 
qualitatively distinct. The ability to interpret 
information from various different modalities as 
equivalent is variously called cross-modal matching, 
cross-modal transfer, intersensory equivalence 
intermodal matching or various other permutations of 
these words. Modal- or modality refers to the 
perceiving sense, cross or inter indicates between 
modalities or senses. The terra intra, which is also 
encountered in conjunction with the terms sensory and 
modality indicates within a single sense. The term 
intra-modality matching would be used, for example, 
when one of a selection of objects is indicated to 
feel the same as another target object.
The terms inter- and cross- modal matching are used 
interchangeably within this thesis to indicate 
matching between senses whereas the terms intra- or 
within-modal will be used to indicate matching within 
one sensory modality.
There are some circumstances when information from 
one sense is believed or acted on while the 
information from another sense appears to be ignored 
or devalued. On a stationary train for example if 
the train on the adjacent platform moves the initial 
impression is that one's own train is moving rather 
than the adjacent train i.e. the visual information 
for movement is believed or acted on rather than the 
vestibular information for no movement. The sense 
which is believed or acted on is termed the dominant 
sense. Where a research design is created to 
intentionally present conflicting sensory information 
to discern the relative importance of the two sources 
of information to the subject, the research is said 
to involve a sensory conflict or discrepancy 
paradigm. This type of research design may result in 
the information to one sense being acted on to the 
exclusion of the other source of information, a 
situation referred to as sensory dominance. If an 
action is taken which represents some form of 
compromise between the two sources of information, 
but with one sense still showing more influence than 
the other then one sense is said to bias the other 
and the term sensory bias is applied.
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within the literature the measurement of visual bias 
has been reported in two ways. One style is to 
present the percentage of subjects whose haptic 
judgements following the conflict presentation 
deviate towards a match to the visual rather than 
haptic information presented. A second approach is 
to present percentage bias scores where 100% visual 
bias represents an accurate match to the visual 
information and 0% bias an accurate match to the 
haptic information presented^. Care must also be 
taken where cases of haptic bias are reported in the 
literature. Strictly the term haptic bias in this 
context is reserved for situations where following 
the conflict presentation a visual match is made to 
the haptic information in the presentation. There 
are instances however where the term haptic bias is 
used to describe a low level of visual bias.
The study of the relationships between the senses, 
the ability to transfer information between them, and 
the existence of dominance hierarchies between the 
senses, etc., may be termed the study of intermodal 
organisation and will be referred to as such within 
this thesis.
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2. INFANCY
There are three theoretical stances concerning the 
level of sensory organization in infancy and how it 
develops. These may be termed the unified, primitive 
unity and differentiated positions.
The unified or nativist position is that integration 
of the senses is unlearnt and available from birth 
(or before). From an evolutionary perspective 
separate modalities are thought to have evolved from 
undifferentiated supramodal systems on which 
patterned stimulation in a variety of energy spectra 
has equivalent effects. Evolution therefore 
proceeded by providing a clearing house of c^ ccta, 
(Sherrington 1951). The work of neurophysiologists 
(eg Wickelgren (1971), who showed that the superior 
colliculus in cats reacted to light, sound and 
somesthetic inputs) is cited to support the view that 
sensory systems have diffuse rather than segregated 
projections and that the concept of the cerebral 
cortex as the termination of independant modality 
specific systems is a pointless abstraction (Jones 
1981).
An alternative perspective, within this position, is 
that irrespective of the modality of receipt of or 
response to information, knowledge is stored in terms 
of abstract, non verbal, propositional codes to which 
all modalities have access (Pylyshin 1973, ^ank and 
Abe Is on 1977).
From this position the hypothetical congenitally 
blind man of Molyneux* question to Locke (Morgan, 
1977) should experience little difficulty in visually 
recognizing items that he had previous only known by 
touch when given sight. This view was not upheld by 
investigation of subjects who experienced sight for 
the first time in adulthood (Von Senden 1960, Gregory 
and Wallace 1963). Frequently objects with which the 
subject was haptically extremely familiar could not 
be recognized visually.
The primitive unity position adopted by Bower (1974) 
and Werner (1934) may be seen as a variant of the 
unified position. As in the first theory discussed, 
the initial unity "is of an undifferentiated sort of 
global sensorium that may be excited by visual, 
haptic, auditory or kinesthetic stimuation" (Werner 
1934, "not in intersensory co-ordination but perfect 
sensory substitutability", (Bower 1974). However 
this condition changes with development. According 
to this position, development takes the form of a 
p r o g r e s s i o n  from this primi t i v e  unity via 
differentiation of the subsystems to a progressive 
co-ordination of the information derived from each 
subsystem. In this w ay correspondences and 
equivalences of a refined nature become possible.
Experiments demonstrating integration of the head and 
eyes towards a sound source, the infant reaching for 
a seen object, displaying distress at the lack of
tactual consequences of a seen object, would support 
this position. These experiments have been performed 
but are the subject of methodological problems and 
criticisms and other investigators have had only 
limited success in replicating them. Bower, 
Broughton and Moore (1970) reported directed reaching 
in 6 - 1 1  day old infants with 7 0 % of all arm 
extensions within 5*^ of the objects at their zeniths. 
Dodwell, Muir and DiFranco (1976) and Ruff and Halton 
(1977) conducted similiar studies. Neither group was 
able to replicate the findings of Bower et al. Bower 
Broughton and Moore (1970) also observed infants 8 - 
31 days old reaching for a virtual object created by 
a stereoscopic shadow caster and displaying distress 
at the lack of tactual consequences, although the 
infants did not show distress when objects were 
untouchable through being beyond reach. The choice 
of crying as the critical response has been 
particularly criticised in this experiment; other 
researchers (Bushnell 1979, Field 1977, Gordon and 
Yonas 197 7, Lamson 1976) who have presented virtual 
objects to infants have not observed distress as one 
of the responses to the situation. Wertheimer (1961) 
found that a baby only 3 minutes old would reliably 
turn its head in the direction of a toy crickef'' 
clicked randomly at each ear. However replication 
a t t empts have provided conflicting results 
(Butterworth and Castillo 1976, Mended son and Haith 
1976, Turkewitz, Birch,Moreau,Levy and Cornwell 1966,
Muir and Field (1975). It should also be noted that 
in the first weeks of life blind infants can be 
observed on occasions to turn their heads in the 
direction of a sound source (Freedman 1964).
The third theoretical positon proposes that the 
sensory systems are initially differentiated and are 
integrated through development. This integration is 
accomplished by different means according to 
different theorists.
Theorists holding this position have also been 
influenced by speculations about the evolution of 
sensory systems, perhaps through the temptation to 
assume that ontogeny recapitulates phylogeny, Gregory 
(1974) argues that eyes have evolved from primitive 
photosensitivity that is apparent in the surface 
membrane of single cell organisms. He speculated 
that vision may have evolved from such a primary 
tactile system because it has the advantage over 
touch of giving information about distant events. 
Touch is therefore seen as the basic sense; indeed 
perhaps the classic version of this theory was 
proposed by Bishop Berkley (1709) that "touch teaches 
vision".
Although haptic perception is considered a 
developmental precursor to visual perception, (e.g. 
Montessori (1964), Birch and Lefford (1963) Zinchenko 
and Lomov 1960), more important in the context of
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intermodal integration is the argument that the 
relationship between vision and touch is learnt by 
association through parallel development. It is 
reported (eg Piaget 1952) that at around 3 months 
infants become fascinated by their own hands and 
spend considerable time in watching them. Following 
this phase the hands regularly bring objects to a 
position to be seen rather than exploring them out of 
sight.
Supporters of this position would predict that in 
infancy touch would be the sense which would be 
relied on in situations of discrêpant or confusing 
information to the haptic and visual senses. This 
prediction is not supported by the evidence 
available. Gibson and Walk (I960), Walk and Gibson 
(1951) exposed infants 6 - 1 4  months to a visual 
cliff (a version of which was referred to in the 
incident at the Natural History Museum). In this 
instance the visual cliff was a table .apparatus 
constructed of glass and textured material such that 
there appeared to be a drop-off or cliff to one side. 
While the infants would crawl towards their mothers 
across the shallow side, they could not be persuaded 
to crawl across the deep side despite rubbing the 
glass with their hands and mouthing it. Similarly 
Lee and Aronson (1974), using a room in which the 
walls could be moved independently of the floor, 
found that infants 14 - 16 months were apt to sway.
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stagger or fall when the walls moved, thereby 
demonstrating that visual information (that the child 
was swaying as indicated by movement of the walls) 
dominated vestibular information (that he was 
stable). Gratch and Landers (1971) found that if a 
cover was place<^ over the hand of an infant (G months) 
which held an object the infant would either look 
around as if unaware that he was holding an object, 
or would drop the object. One explanation of these 
findings is that the visual information is biasing 
the infants haptic or kinesthetic information.
3^-3" Gib son (1950) Sct^ T.Gibson (1969) emphasise the 
information extraction and processing characteristics 
of sensory systems and de-emphasise sensory 
modalities per se. They propose that what is 
perceived are amodal features or invariant relations. 
Examples of amodal stimulation would be shapes, 
corners, temporal patterns, and properties such as 
sharpness, straightness, and jerkiness. Development 
is characterized by an increasing awareness of and 
ability to extract these stimulus relations. 
Therefore both intra- and intermodal abilities might 
be expected to improve with age. That amodal 
features can be detected in infancy (6 - 8 months)
is demonstrated by studies such as those by Allen, 
Walker, Symondsand Marcell (1977). Two types of 
pattern, created by grouping of stimuli, were used, 
each of which could be produced either auditorily or
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visually. Subjects were presented with one pattern 
until they became habituated to i-t after which they 
were presented with one of the following three 
posibilities.
1. the old pattern in a new modality
2. a new pattern in a new modality
3. a new pattern in the old modality
The results showed that subjects presented with the 
new pattern to either modality dishabituated, while 
those presented with the same pattern to the same or 
a new modality remained habituated. Subjects were 
therefore recognizing the pattern across modality and 
habituating to the pattern rather than the modality 
of presentation.
The mediation of the integration of the senses by 
language has also been proposed (Geschwind 1955, 
Blank and Bridger 1964, Etlinger 1967). However, 
since cross-modal matching is performed by apes, 
monkeys and infants (eg Meltzoff and Borton 1979, 
Weiskranz and Cowley 1975, Davenport, Rogers and 
Russell 1973, Bryant, Jones, Claxton and Perkins 
1972, Davenport and Rogers 1970) this mediation 
cannot be regarded as a necessary factor. While not 
being a necessary component of intermodal transfer, 
language could be a facilitating factor (Goodnow 
1971). Evidence to support this view has been 
equivocal however (Koen 1971).
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Piaget's theory of spatial development (Piaget and 
Inhelder 1956) proposes that the organism constructs 
integrated cognitive schemes from active interaction 
with the environment. In infancy different sense 
modalities are organized in separate schemes. These 
are then integrated into sensorimotor or action 
schema which are progressively internalised and 
finally become abstract logical operations by the 
processes of accommodation and assimilation. 
Increasing intersensory ability is therefore 
dependent on an active interaction with the 
e n v i r o n m e n t  rather than specific modality 
development.
If, as this third theoretical position proposes, the 
senses are differentiated at birth becoming 
integrated through development, the ability to 
transfer information between the senses would not be 
anticipated in infancy. The basic procedure to 
demonstrate intermodal transfer involves presenting 
an object for exploration to one modality of the 
subject and then requiring him to recognise it from 
among one or more objects presented simultaneously or 
seq u e n t i a l l y  to anotlaer modality. Although 
developmental researchers have had considerable 
difficulty in demonstrating intermodal transfer in 
infancy, Bryant, Jones, Claxton and Perkins (1972) 
demonstrated this phenomenon for infants aged 6 - 1 1  
months (mean age 8/4 m). This experiment is
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particularly important not just for being the first 
to demonstrate intermodal transfer in infants but 
because it demonstrated that infants are able to 
relate auditory, visual and tactual components of 
objects. In the first phase of the task, two 
objects were visually presented to the infant. The 
two objects were either a complete or an incomplete 
ellipsoid or a complete or incomplete cuboid. The 
second phase was a tactual presentation of one of the 
objects seen in the initial phase. The experimenter 
placed one of the objects in the infant's hand in 
such a manner that neither the infant nor its mother 
saw which object it was. While the infant's hand was 
on the object, the experimenter made it produce a 
noise. Finally both objects were again visually 
presented. After the infant had looked at both 
objects he was allowed to reach towards them. 
Seventy percent of the infants offered the 
ellipsoidal pair reached for the one of the pair 
which they had previously touched. A control group 
with similar experiences, except that in the second 
stage these infants could see the object that was 
made to produce the noise, also showed a similar 
preference, seventy two percent reaching for the 
noise-making object.
With the cuboid objects the infant chose randomly. 
Bryant et al (1973) suggest that this failure may 
have been because both objects of the pair had only
IS
straight contours and that straight-straight 
discriminations are very difficult either haptically 
or cross-modally. In this context it is interesting 
to note that monkeys can discriminate straight-edged 
from cylindrical objects by blind hand grasp, 
(Sakata and Iwamura, 1978) they state that this 
ability is the result of a particular combination of 
inputs from skin and joints converging into different 
units in the parietal cortex.
Cross-modal transfer between touch and vision has 
s u b s e q u e n t l y  b e e n  d e m o n s t r a t e d  u s ing a 
novelty/familiarity technique for infants of twelve
months (Rose^ Gottfried and Bridger 1977), six months
(Ruff and Kohler 1978) and 22 - 33 days (Meltzoff and 
Borton 1979)« Particularly damaging to the position 
that the senses are differentiated at birth is the 
study by Meltzoff and Borton (197^). The stimuli 
ultilised were pacifiers, one conventional the other 
with eight knobs attached to it. After the baby had 
sucked one of the pacifiers (with no opportunity to 
see it) both pacifiers were presented visually. 
Seventy five percent of the babies fixated the shape 
matching the haptic stimulus longer than the novel 
pacifier.
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Summary of Research Findings on Intermodal Organisation in Infancy
1. Three theoretical positions have been identified:
a) unified or nativist position
b) primitive unity position
c) differentiated or empiricist position.
Studies re levant to these positions have been 
presented and discussed.
2. Blind persons who are given sight are unable to 
visually recognise objects with which they are 
haptically familiar (counter to unified position).
3. It has been demonstrated that infants integrate head 
and eye movements towards a sound source and that 
stimulation of one sense leads to the expectation of 
consequences in other senses (supporting primitive 
unity position). However these results have not been 
readily replicated.
4. Cross-modal transfer can take place in some 
circumstances in infants as young as twenty-two days 
as well as in older but preverbal infants and in 
animals (counter to differentiated position).
5. Visual information affects or biases haptic, 
kinesthetic and vestibular information and actions.
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3. CHILDHOOD
3 .1 Intersensory Transfer
It lias been seen that in infancy information can be 
transferred between the senses and that visual 
information biases haptic and kinesthetic 
judgements. What is known of intermodal 
organisation in childhood? Consider intersensory 
transfer first.
The monograph published in 1963 by Birch and 
Lefford was influential in provoking research in 
this area; predating the infancy research it 
established the basic, pattern of intermodal 
research. The Birch and Lefford study explored 
intermodal abilities of 145 children between five 
and eleven years (approximately 20 subjects per 
year group). The materials used were the eight 
shapes of the Seguin Form Board. Each of the eight 
shapes in this test was compared with all the 
others in each of the three conditions visual- 
haptic, visual-kinesthetic, and haptic-kinesthetic. 
The subject's task was to decide whether two 
successively presented shapes were the same or 
different. The haptic conditions allowed the child 
to actively manipulate the object whereas in the 
kinesthetic condition the child gripped a stylus 
which was passively moved around the outline of the 
form. Birch and Lefford (1963) claim that their
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data shows a decline with age in both errors of 
equivalence and non-equivalence. Errors of 
equivalence occur when two non-identical forms are 
judged to be the same,whereas errors of non­
equivalence refers to the judgement of two 
identical forms as different. While the number of 
errors of judgement of identical and non-identical 
forms does decline with age for each type of cross- 
modal task (V-H, H-K, V-K), there is a far greater 
decrease in errors of judgement of identical forms 
than non-identical forms. The results do not 
therefore support the simple conclusion that there 
is a developmental increase in the child's ability 
to relate intersensory information.
The growth curves of improvements in intersensory 
shape matching presented by Birch and Lefford as 
evidence for the development of intersensory 
integration during childhood are open to other 
interpretations. Birch and Lefford noted 
themselves that developmental increases in cross- 
modal matching abilities might arise either because 
intersensory liaison becomes more efficient or 
because children become increasingly able to make 
equivalence judgements about standards and 
comparison items presented to the same modality. 
As previously discussed Gibson (1969) has suggested 
that what is transferred in intr a/inter modal tasks 
is amodal stimulus properties such as straightness,
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roughness, jerkiness. Therefore the apparent 
improvement in cross-modal transfer tasks with age 
may be due to the child's increasing awareness of 
and ability to act on invariant stimulus relations 
rather than on increasing ability to transfer 
information.
3.1.1 Cross-modal v Intra-modal Difficulty
Bryant (1968) and Rudel and Teuber (1964) 
argued at length that improvements in cross- 
m o d a l  c o n d i t i o n s  are d e p e n d a n t  on 
developmental gains in the child's ability to 
pick up haptic and kinesthetic information. A 
child may fail on a cross-modal task for at 
least two reasons. Firstly he may be 
unsuccessful in recognising that information 
from two modalities is identical (the cross- 
modal component of the task). Secondly he may 
fail because he is unable to discriminate 
objects with either of the modalities involved 
in the cross-modal task (the intra-modal 
component of the task). It is this second 
type of failure that was overlooked by Birch 
and Lefford (1963). They had only included an 
indirect test of subjects' intra-modal 
matching ability (carrying out the Seguin Form 
Board Test before the experimental tasks) and 
no test on intra-modal haptic matching 
ability. Any study of the development of
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cross-modal ability with age should include 
tests of all permutations of intra or 
intermodal components of the task. Bryant 
(1968) proposed two patterns of results which 
must emerge from such a study for cross modal 
development to be demonstrated. Firstly, the 
performance of younger age groups must be 
consistently worse in cross-modal than within 
modal tasks. Secondly the discrepancy between 
cross-modal and within modal conditions must 
decline with age.
Jones (1981) compiled a table of results from 
cross-modal experiments where appropriate 
within modal controls have been included. 
This table is reproduced as figure 1.1.
From figure 1.1 it may be seen that typically 
the V-V comparison is found to be easiest and 
although the order of difficulty of the other 
tasks varies, the cross-modal tasks are rarely 
found to be more difficult than the H-H 
comparison. This pattern of results is 
contrary to the sensory integration hypothesis 
expressed by Birch and Lefford (1963). Also 
contrary to this hypothesis is the finding 
that for nursery and young school aged 
subjects, haptic information contributes 
nothing to visual matching whereas prior 
visual information does aid haptic matching
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Su b je c t O rd e r  o f
A u th o r ( s ) age g roup(s) Stimuli P r e s e n ta t io n  m o d e m oda li ty  co n d i t io n s
A b ra v a n e l  ( 1971) Adult N o n s e n s e  ob jec ts a. S eq u en t ia l a. V V > T T = V T = T V
sam e -d i f fe ren t
b .  S e q u e n t ia l  3 F .C . b. V V > V T « T V > T T
B ry a n t  & R az 3 ; 5 - 4 : 8  years N o n s e n s e  fo rm s S im u l ta n e o u s  2  F .C ." V V > T V > V T > T T
(1975)
C a s h d a n  ( 1968)'' Adult N o n s e n s e  fo rm s S eq u en t ia l (1) V V > V T > T T > T V
5 F .C . (2) V V > T V > V T > T T
F re id c s  ( 1975) A dult N o n s e n s e  fo rm s Se q u e n t ia l V V > V T > T T > T V
s am e-d i f fe ren t
Garv i l l  & Adult N o n s e n s e  ob je c ts S eque n t ia l V V > V T = T T > T V
M o la n d e r  ( 1973) s am e-d i f fe ren t
G o o d n o w (i) Adult N o n s e n s e  ob jec ts Se q u e n t ia l (i) V V > T T = V T = T V
(1971a) s am e-d i f fe ren t
(ii) 9- to  10- Cyril lic S e q u en t ia l ; (ii) V V > V T = T T > T V
year -o ld s c h a r a c t e r s sub jec t  c h o s e  c o r r e c t
m a tc h  for  5 s t a n d a r d s
from  10 c o m p a r i s o n s
J a c k s o n  (1973) (i) 10-year-olds N o n s e n s e  fo rm s S eq u en t ia l (i) V V > V T > T V > T T
(ii) 8 -yea r-o ld s 3 F .C. (ii) V T > T V = V V > T T
(iii) 6 -yea r-o ld s
J o n e s  & (i) 5 -yea r-o ld s N o n s e n s e  fo rm s (a) S im u l ta n e o u s (i)a. V V > V T > T V > T T
R o b in s o n  ( 1973) (ii) 12-year-o lds s am e -d i f fe re n t (ii)a. V V > V T = T V > T T
(b)  S e q u e n t ia l (i)b. V V > T T = V T = T V
same-difTerenl (ii)b. V V > V T = T T > T V
K o e n  (1971) Adult N o n s e n s e  fo rm s S e q u e n t ia l V V > V T > T V > T T
sam e -d i f fe re n t
L o b b  (1965) 14-year-o lds N o n s e n s e  fo rm s S e q u e n t ia l V V > V T > T V > T T
- 3 F.C .
Mil la r (1972a) (i) 7 :7 - 9 : 4  years N o n s e n s e  fo rm s S im u l ta n e o u s (i) V V > T V = T T > V T
(ii) 5 ; 4 - 6 : 8  yea rs 3 F .C . (ii) V V > T V = V T = T T
(iii) 3 ; 0 - 4 ; 6  yea r s (iii) V V > T V = V T = T T
M ilne r  & (i) 7 -yea r -o ld s 1 G e o m e t r ic a l Se q u e n t ia l (i) V V > V T > T V = T T
B r y a n t (1968) (ii) 6 -ye a r -o ld s fo rm s sam e -d i f fe re n t (ii) V V > V T > T V = T T
(iii) 5 -yea r-o ld s (iii) V V > V T > T V > T T
R o se  cf at. 3-yea r-o ld s G e o m e t r ic a l (i) S im u l ta n e o u s (i) V V = T T = V T = T V
(1972) fo rm s 2 F.C .
(ii) S u c c e s s iv e (ii) V V > T V = V T > T T
2 F.C.
R udel  & T e u b e r (i) 5 -yea r-o ld s (a) " S i m p l e ” S e q u e n t ia l (i)a. V V > V T > T V > T T
(1964) (ii) 4 -y e a r -o ld s n o n s e n s e  fo rm s 5 F.C . (ii)a. V V > T V = V T > T T
(b) " D i f f i c u l t ” (i)b. V V = V T > T V > T T
n o n s e n s e  fo rm s
Rudel & T e u b e r 5 :6 - 9 : 9  yea rs (a) " S i m p l e " S e q u e n t ia l a. V T = V V > T T = T V
(1971) n o n s e n s e  fo rm s 5 F.C.
(b )  " D i f f i c u l t” b. V V > V T > T T = T V
n o n s e n s e  fo rm s
" 2 F.C. is a two-forccd-choicc experiment, that is. the subject was required to choose the correct match for one standard form from two 
comparison forms. 3 F.C, is a three-forccd-choicc experiment in which the subject chooses the correct match from amoog three comparisons and 
so on.
* Cashdan ( 1968) performed two random replications of the same experiments with two different results.
Figure 1.1 Results of Cross-Modal Matching Experiments VJithout 
Memory Demands (from Jones 1981)
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(Millar 1971, De Leon, Raskin, and Gruen 1970, 
Rudel and Teuber 1964).
3.1.2 Methodological Considerations
Explanations of the variations in the order of 
difficulty of intra and intermodal tasks are 
usually offered in terms of methodological 
considerations namely presentation format, 
stimulus variables and stimulus judgements 
e.g. shape length and texture.
3.1.2.1 Presentation Format
In any cross modal matching experiment the 
subject is able to compare one or more 
standard items to one or more comparison 
items. There are four ways in which the 
standard and comparison items may be 
presented,
a) Simultaneous Presentation
Both a standard and a set of one or 
more comparisons can be presented 
together.
b ) Simultaneous Sequential Presentation 
The standard and comparison items are ■ 
presented simultaneously but each item 
in the comparison set is presented 
separately with the standard.
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c) Successive Presentation
The standard and comparison items are 
p r e s e n t e d  s u c c e s s i v e l y .  All 
c o m p a r i s o n  items are presented 
together.
d) Sequential Presentation
The standard and comparison items are 
presented individually in sequence.
The critical feature of these variations in 
presentation format is the varying load they 
place on the memory of the subject (Goodnow 
1971), memory load being greater in 
sequential than successive presentations. 
In successive or sequential presentations 
(formats c & d ) the delay is influenced by 
the size of the comparison array. Studies 
of the effect of presentation method 
(Abravanel 1972, Rose, Blank and Bridger 
1972, Goodnow 1971, Rudel and Teuber 1971, 
Milner and Bryant 1970) found that delay 
interfered more with haptic functions than 
with visual functions both in intra-modal 
and cross-modal com binations. However a 
study byS.Millar (1972) produced ambiguous 
results. No age group or delay condition 
could be consistently ordered, four of the 
nine cells showing the predicted V-T>T-V and 
three showing T-V>V-T.
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3.1.2.Ü Stimulus Variables
Stimulus materials may be familiar or 
unfamiliar. It may be argued that familiar 
geometric forms allow relatively more 
efficient classification at least by older 
children which could lessen differences 
between visual and haptic processing (Koen 
1971). Visual information may be more 
readily available for familiar rather than 
unfamiliar objects which could affect 
haptic matching. Task difficulty has also 
been found to vary with the complexity of 
the materials used (Zung 1971, Rudel and 
Teuber 1964).
Different methods of occluding vision during 
haptic presentations have produced opposing 
views on how performance may be influenced. 
If the subject has his eyes open and the 
form is shielded, visual interference from 
the surroundings is possible (Abravanel 
1971). Warren (1970) argues that with the 
eyes shut it is more difficult for subjects 
to form a visual representation of the 
haptically perceived form. Evidence from 
Abravanel's 1971 study supports this view; 
subjects who could work with eyes open but 
with no distraction (by wearing light 
occluding goggles) showed some advantage 
over those working with eyes shut.
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3.1.2.iii Stimulus Judgements
The order of difficulty of inter and intra 
modal judgements has also been found to vary 
with the nature of the judgement. Most 
studies, with child subjects,' have been 
concerned with shape, length or texture.
Shape
In most studies, discrimination of shape is 
more efficient when both standard and 
comparisons are presented visually (Bryant 
and Raz 1975, Abravanel 1972, Goodnow 1971, 
Rudel and Teuber 1964, 1971, Lobb 1965).
Exceptions have been published; Rose et al 
(1972) found error-free performance for all 
intra and intermodal matching conditions in 
a group of three year olds. However this 
study is difficult to evaluate due to 
ceiling effects. Also, brain damaged 
children are reported (i) to find haptic 
matching easier than visual matching 
(Hermelin and O'Connor 1961), (ii) to excel 
control children on haptic matching and 
(iii) to show less advantage to the visual 
functions (Rudel and Teuber 1971). However 
Goodnow (1971) failed to confirm the 
Hermelin and O'Connor (1951) finding.
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Length
While shape is a two or three dimension 
attribute, length has only one dimension and 
might therefore be considered a less complex 
judgement. However in most experimental 
designs, it has not been found to be an 
easier judgement because of the difficulty 
of establishing a reference point. Apart 
from the methodological difficulties 
described above, many different operations 
have been utilised to study intra/intermodal 
match i n g  of length, thus rendering 
comparison of results of dubious value.
For example Teghtsoonian and Teghtsoonian 
(1955) compared magnitude estimates of 
length in the visual and haptic modalities 
and found the resulting functions to be 
h i g h l y ’' c o m p a r a b l e  b o t h  i n t r a  and 
intermodally. However a subsequent study 
(Teghtsoonian and Teghtsoonian 1970) yielded 
different results when the stimulus was 
grasped between the thumb and index finger 
of one hand rather than between the index 
fingers of two hands. When the experimenter 
was required to adjust a variable length to 
a distance directed by the subject, no 
d i f f e r e n t i a l  e f f e c t  for m o d a l i t y  
combinations was found (Abravanel 1971).
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Using a kinesthetic method (drawing a line) 
and a visual method Connolly and Jones 
(1970) found that intra-modal matches were 
of equivalent difficulty and were easier 
than c r o s s - m o d a l  matches; how e v e r  
kinesthetic-visual matches were easier than 
visual-kinesthetic. Using a joy stick 
arrangement Millar (1972) also showed that 
children found intra-modal judgements easier 
than cross-modal judgements but found the 
visual-kinesthetic task considerably easier 
than the inverse.
After a study with adults controlling for 
information complexity Friedes (1975) 
concluded that there is more than a hint 
that patterns of performance may be 
d i f f e r e n t  for shape and length: 
intersensory processing posed greater 
difficulties when discriminating length 
information, whereas intra-sensory haptic 
information typically presented greater 
difficulty in shape judgement.
Bryant (1968) has attempted to explain this 
possible discrepancy in the findings for 
shape and length in terms of coding 
strategies. He maintains that length is 
coded in absolute terms (cms, inches) 
whereas shape is coded in relational terms
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{foursided/rectangular) and that absolute 
coding is more difficult under intersensory 
conditions.
Texture
It has been argued that haptic information 
is not essential for the perception of 
shape; judgements may be made at least 
equally well on visual information alone 
(Lederman et al 1972, 1981, Gibson 1933).
Hence it is argued that cross-modal 
comparison of shape will inevitably show 
visual superiority. Changing the task to 
texture perception which it is argued is 
quintes sentially haptic could change the 
relative efficiency of the intra-modal 
visual and haptic judgements and hence of 
the cross-modal matches (Rudel and Teuber 
1964). However the few studies which have 
compared visual and haptic judgements of 
surface texture show that visual judgements 
are typiclly more efficient being either 
more accurate (Rose et al 1972), less 
variable (Bjorkraan 1967) or more rapid 
(Brown 1960). Bjorkrnan (1967) also reported 
that visual-haptic judgements were more 
efficient than the inverse.
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Summary of Research Findings on Cross-modal Abilities in Childhood
1) Cross-modal tasks comprise at least two component
abilities
i) the ability to recognise information from
two modalities as equivalent.
ii) the ability to dis t i n g u i s h  objects 
intramodally in both modalities of the 
cross modal task.
2) Intra-modal visual matching is more accurate than 
intra-modal haptic matching for judgements of shape, 
length and texture.
3) There is strong evidence that cross-modal matching of 
shape and texture is determined by the child's 
efficiency in making visual judgements and his 
relative inefficiency in making equivalent haptic 
judgements.
4) Where response and standard objects are not 
simultaneously available, and therefore memory load 
is increased, visual-haptic matches are more accurate 
than the inverse.
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3.2 Relative Dominance of Sensory Modalities
Having reviewed the research on intermodal 
abilities in childhood, what is known of the 
relative importance to this age group of the visual 
and haptic modalities?
One of the stances associated with the theoretical 
position 3 a (page lo ) that the senses are 
differentiated at birth, proposes that haptic 
perception is a developmental precursor to visual 
perception. If this is the case it might be 
anticipated that haptic perception would bias 
visual perception. Evidence from studies such as 
those already discussed militates against this 
view. Whereas visual comparisons are highly 
accurate, even for children as young as three 
years, (Bryant and Raz 1975, Millar 1972), haptic 
comparisons may be at little better than chance 
level (Millar 1972, Goodnow 1971, Deleon, Raskin 
and Gruen 1970). Cronin (1973) and Abravanel 
(197 2) both suggest that haptic perception does not 
seem to be a "spontaneous" skill in young children; 
four to five year olds ordinarily will not manually 
explore objects which they can also see.
Another p a r a d i g m  used to explore sensory 
organisation involves the provision of information 
to one sense, e.g. touch, which is altered in some 
way before being simultaneously supplied to another
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sensory modality, e.g. vision. The information 
received by the visual sense may be displaced, 
inverted or tilted, this alteration being achieved 
by means of lenses prisms or mirrors. While real 
life discordances are rare they do occur (the 
discrepant auditory and visual stimuli in a cinema 
being the most common). Perceptual processes occur 
so rapidly in normal situations that it is 
difficult to evaluate the role of each modality in 
the perceptual outcome. It is usually unclear in 
multimodal situations whether the observer depends 
entirely on the information from only one modality, 
or whether he is in some way integrating aspects of 
the information from both of the modalities. If 
the latter, how does the integration occur, and on 
what factors does the relative use of the available 
sources of information depend? The conflict 
paradigm enables the relative contribution of the 
modalities involved to be evaluated and their roles 
in the perceptual outcome to be identified.
The conflict between the modalities resulting from 
this paradigm may be realised by the subject or may 
be resolved without the subject becoming aware of 
the discrepancy. When there is no realisation of 
the discrepancy resolution may be achieved by one 
sense dominating the other, by a compromise between 
the two sources of information or by the senses 
biasing each other. The only example of this third
32
form of resolution of the discrepancy is reported 
by McGurk and McDonald (1976, 1978). These
ingenious studies use video film on which various 
sounds have been dubbed onto appropriate or 
inappropriate lip movements. Most subjects, from 
late childhood onwards, who simultaneously receive 
lip movement information for "ga" and auditory 
information for "ba", perceive the sound "da". The 
remaining subjects not hearing "da" report hearing 
some form of compromise between the two sources of 
information. The effect reported in this study is 
extremely powerful. Even when subjects are fully 
familiar with the construction of the visual and 
auditory stimulus which they are receiving, the 
effect remains. Indeed if either source of 
information is cut off (by averting the eyes from 
the screen or by the placing of fingers in ears) 
the syllable appropriate to the source of 
information is perceived; however the moment the 
two sources of information are simultaneously 
received the effect is again observed. Cognition 
is therefore exerting no (or a minimal effect) on 
perception. Infants and children aged 3 - 5  are 
not as susceptible to this phenomenon as older 
children and adults.
To explore possible relationships between the 
senses of infants, most research involves use of 
the expectancy paradigm (e.g. Bower 1974, Aronson
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and Rosenbloom 1971). However the basic strategy 
for exploring the relationship between touch and 
vision with older subjects was devised by Rock and 
Victor (1964). Subjects are required both visually 
and haptically to inspect a block placed in a box 
so that the true size and shape of the block are 
felt, but unknown to the subject the stimulus can 
only be viewed through a lens which may magnify or 
minify one or two dimensions of its image. Adults 
in these situations report the object to be of the 
size and/or shape that they have visually 
experienced (e.g. Rock and Victor 1964, Power and 
Graham 1976).
Three studies utilizing this strategy have been 
undertaken with children aged 3 - 5  years (McGurk 
and Power 1980), 5 - 1 3  years (Page and Locke 1977)
15 - 17 years (Graham 1973). All three studies 
were concerned with size and shape judgements since 
in all instances the visual information was 
modified by a lens which magnified one dimension of 
the visual image. Results from the studies are 
conflicting. Page and Locke (1977) reported no 
visual dominance: in fact the visual information
had a very limited influence on their subjects’ 
haptic judgements. The other two studies both 
reported (a) no indication that subjects were aware 
of the discrepancy and (b) that they were visually 
dominated.
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Klein (1966) examined three types of intersensory 
discrepancy with five age groups of subjects 
between nine and eighteen years. One of the tasks 
required the subject to judge the felt size of a 
peg that was constructed to look larger than it 
felt. Visual bias (the effect of the visual 
information on the felt size of the peg) was about 
50% for the youngest group but declined to less 
than 20% for the oldest age group. Another of the 
tasks entailed viewing the index finger optically 
rotated by 40° and attempting to indicate its felt 
orientation with the other unseen index finger. In 
this condition visual bias was complete for 
subjects up to the fourth group (mean age 15 years 
9 months). The fifth group (mean age 18 years) 
demonstrated a 40% bias. In the final task 
(visual-proprioceptive spatial location) strong 
visual bias of the felt position of the optically 
displaced index finger was reported. However there 
were no age related changes in the magnitutde of 
this effect.
W a r r e n  and Pick (1970) e x a m i n e d  visual- 
proprioceptive, auditory-proprioceptive and 
auditory-visual discrepancies in spatial location. 
Subjects were drawn from three age groups (6 years, 
11 years and adults). While auditory bias of 
vision and proprioceptive bias of audition was 
found to decline with age, auditory bias of
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proprioception increased with age with the six year 
olds showing no bias and the adults showing 18% 
bias,
The four studies reviewed in this section 
investigating visual-haptic organisation within the 
conflict paradigm, have between them reported total 
dominance, little visual influence and 50% visual 
bias declining to 20% with age. Although the ages 
of the subjects vary between the studies, age alone 
is not responsible for the variations since total 
dominance has been reported at each end of the age 
spectrum: 3 - 5  years (McGurk and Power 1980) and 
adults (Rock and Victor 1964). Methodological 
factors, particularly the power of the assumption 
made by the subjects that they are haptically and 
visually exploring the same object, may acount for 
some of the variation. However the development of 
the relationship between the visual and haptic 
senses is unclear. This issue is discussed further 
in section 6 of this introduction whereas 
methodological issues arising from discrepancy 
paradigms are discussed further in section 4.
4. ADULTS
As adults our intermodal organisation is assumed to 
have reached its peak level. Despite psychologists' 
predilection for treating each modality separately, 
most events that we attend to in real life involve
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stimulation of more than one sensory modality. We 
see someone walk and hear his footsteps. While 
driving we feel the responsiveness of the car to the 
controls, watch its movement and hear the changing 
sounds of its passage along the road. As adults we 
accept that these are all facets of the same event. 
We do not expect information from the same source to 
conflict and we experience little difficulty mapping 
from one sense to another. We deploy our separate 
sensory systems vision, hearing, touch, taste, etc. 
in a co-ordinated fashion to maintain a stable 
unified perspective on the world. At a more specific 
level how do adults perform on intermodal transfer 
and discrepancy tasks, and how can their performance 
help unravel the developmental processes of 
intermodal organisation?
4 .1 Intersensory Transfer
As with children adults are more efficient in shape 
judgements where both standard and comparison 
objects are presented visually rather than 
haptically, (Friedes 1974, Qarvill and Molander 
1971, Abravanel 1971, Goodnow 1971, Cashdan 1968). 
Due to increased haptic efficiency, adults 
typically find the H-H, H-V and V-H tasks of equal 
difficulty (e.g. Abravanel 1971). However, when 
the stimuli are nonsense forms, the order of 
difficulty is usually found to be V-V>V-H>H-V>H-H,
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the order of difficulty displayed by children with 
geometrical stimuli.
Friedes (1975) compared shape and length judgements 
to test his hypothesis that complexity of 
information affected intra- and intermodal skills. 
When the unidimensional length information was 
being processed, intra-modal decisions were more 
accurate than cross-modal decisions; cross-modal 
judgements with the haptic standard were more 
accurate than those with a visual standard. With 
the more complex shape information combinations 
with visual standards were more accurate than any 
other whether inter or intra-modal.
It is however difficult to equate the visual and 
haptic presentation of stimuli. For example, 
visual perception may be described as immediate 
relative to the much slower process of haptic 
perception. Tt is almost impossible to state what 
the equivalent visual and haptic exposure times 
should be to render the various cross and intra- 
modal tasks of equal difficulty. Related to this 
problem is the fact that visual perception is 
holistic whereas haptic perception is sequential. 
In an a t t e m p t  to obviate some of these 
methodological issues inherent in the cross-modal 
transfer paradigms, some investigaters have used a 
transfer of training paradigm to study intermodal 
abilities with adult subjects.
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4.1.1 Transfer of Training Paradigm
In this cross-modal procedure, subjects are 
trained on a task in one modality and are then 
required during the transfer phase of the 
experiment to perform an equivalent task in 
another modality. The performance of these 
subjects is compared with that of control 
subjects who perform the transfer task without 
prior training. Transfer may be specific 
between congruent figures in training and 
test, or non-specific between non-congruent 
figures in training and test. Although no 
studies report evidence of non-specific 
transfer, findings for specific transfer 
present a mixed picture. Clark et al (1972) 
found specific transfer from V-H and H-V. 
Shaffer and Ellis (1974), and Shaffer and 
Howard (1974) failed to find evidence of 
transfer from H-V whereas Lobb (1970) only 
found transfer from V-H.
Recognising that haptic processing involves a 
slow sequential reading of information about 
successive parts of figures whereas visual 
processing is much more rapid and global, Cote 
and Schaefer (1981) argued that failure to 
obtain transfer between the visual and haptic 
senses may be due not to the change in 
modality itself but rather to a change in
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processing strategy that such a modality 
switch entailed. To test this hypothesis Cote 
et al (1981) devised a set of goggles 
constructed to limit visual inspection of a 
figure to successive part impressions, thereby 
ensuring a common mode of information input 
for both vision and touch. Specific as well 
as non-specific transfer was found in high 
school and elderly subjects following visual 
training with the goggles, suggesting that a 
common mode of information processing 
facilitated transfer from V-H in adult 
subjects (the performance of children did not 
improve).
4.2 Intermodal Interaction
Numerous studies of intermodal interaction in adult 
subjects have been undertaken. Judgements 
subjected to the discrepancy paradigm have been 
spatial location, orientation, shape, size, length 
and texture. Varying degrees of sensory bias have 
been reported for each judgement by different 
researchers. Reasons for the variation are 
discussed in a methodology section which follows a 
review of the investigations of each judgement.
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4.2.1 Spatial location
The classic study of intersensory bias of this 
judgement is that by Hay, Pick and Ikeda 
(1965). Their method which, with minor 
variations, has been used in most subsequent 
research in the field, measured the subject's 
accuracy in pointing beneath an occluding 
board, to a visual target which had been 
optically displaced by a prism. Hay et al 
(1965) reported a 78% visual bias of 
proprioception V(P) a finding replicated by 
Klein (1966) 79% bias, and Smothergill (1968) 
72% bias. However in a triple replication 
Pick, Warren and Hay (1969) reported less V(P) 
bias, 72%, 61%, and 59%. They also reported 
proprioceptive bias of vision P(V) of 16%, 40%
and 35%, in contrast to the report of Hay et 
al (1965) that the proprioceptive information 
had no influence in the discrepancy situation. 
When vestibular rather than proprioceptive 
information is put in conflict with visual 
information, by standing the subject in a room 
in which the walls can move, less sway and 
stagger is observed from adult than infant 
subjects when the conflict is induced by 
moving the walls towards and away from the 
subjects.
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4.2.2 Orientation
In most studies of this judgement, the 
subjects have been presented with a bar which 
is physically horizontal but visually appears 
tilted by amounts varying between 15 and 40. 
While stroking along the bar the subject is 
required to adjust the bar to a horizontal 
position. With a visual tilt of 20° subjects 
showed a strong visual bias, setting the bar 
at or very near the visual horizontal, 
(Collins and Singer 1968, Day and Singer 1967, 
Singer and Day 1966). Studies of the effect 
of varying the magnitude of the discrepancy 
have produced varying results. Over (1966) 
using tilts from 15° - 90° found that while
visual bias was nearly complete at 15° 
(confirmed by Fishkin et al 1975) it declined 
to zero as the tilt increased. Large 
individual differences in bias were noted as 
the tilt increased. Singer et al (1966) 
however, found equal bias at 20° and 40° of 
tilt.
4.2.3 Shape
Probably the earliest report of intersensory 
bias was by Brewster (1839). He observed that 
when an engraved seal is optically reversed 
the concavities are seen as protruberances and
42
vice versa even when the hand explores the 
indentations and bumps on the seal. Gibson 
(1933) found that if a subject moved his hand 
along a straight surface while looking through 
a wedge shaped prism that caused the surface 
to look curved, the subject experienced the 
surface as curved. Nielson (1963) reported a 
similar experience in subjects who, while 
following a straight line with their hand 
observed unknown to them another hand moving 
in synchronism with their own but in an altered 
t r a j e c t o r y .  S i n g e r  and Da y  (1969) 
demonstrated visual bias in touch judgements 
of depth.
Rock and Victor (1964),using a lens to magnify 
one dimension of the visual image (as 
described in the childhood section), had 
subjects haptically explore a cube while 
observing’it through a concealed lens that 
made it appear rectilinear. Sight of the hand 
was prevented by a thin cloth. Subjects 
assessed the shape of the felt object by 
touch, by vision, or by drawing the object. 
The experience, however reported, was 
generally determined solely by its visual 
appearance with no conflict being experienced. 
Arguing that potters might by the nature of 
their art be more reliant on their touch sense 
than the general population. Power and Graham
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(1976) hypothesised that the potters would be 
less visually dominated. While the results 
show that the potters were more accurate in 
their intra-modal haptic judgements they were 
no less visually dominated in the conflict 
situation than the student population used as 
control subjects.
Millar (1972) required subjects to view a cube 
yet feel a rectangle which was attached to an 
occluding board immediately beneath the cube. 
Using this experimental design, Millar 
discovered that only when the observer 
believed that the object seen and the object 
felt were one and the same did vision dominate 
felt shape. Neither increase in exposure time 
to the discrepancy nor active exploration of 
the felt shape decreased visual dominance. 
Power (19 81) has also demonstrated that 
familiarity with the object being distorted 
(coin or die) does not affect the subject's 
haptic perception: he feels the coin how he
sees it to be rather than how he 'knows' it to 
be. Similarly subjects still display visual 
bias when both the ratio of the sides and 
angles of the shape are distorted e.g. when a 
haptic square is distorted to a visual 
parallelogram of side ratio 1:1.8 and angles 
70° and 110° by use of a cylindrical lens 
(Power 1980).
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4.2.4 Size
Capitalising on the fact that the refractive 
index of water is greater than that of air, so 
that the visual image received by a diver 
through his face mask is enlarged, field 
studies have been conducted on the underwater 
discrimination of size. Submerged divers were 
asked to match the size of circular discs with 
the remembered size of coins. Even when 
subjects manipulated the discs with the 
visible hand (a familiarly sized reference 
object) objectively undersized discs were 
chosen (Kinney and Luria 1970). This result 
was confirmed by Ross, Franklin, Weltman and 
Lennie (1970) although these authors reported 
that novice divers were more visually biased 
than experienced divers.
McDonnell 'and Duffett (1972) reported large 
variation in subjects' reaction to discrepancy 
in their study. Some displayed strong haptic 
bias while others showed equally strong visual 
bias. One reason for this result may be the 
increased exposure period, two minutes, used 
in this experiment as compared to the five 
seconds of Rock and Victor (1964), five and 
ten seconds of Power and Graham (1976), and 
thirty seconds of Millar (1972). McDonnell et 
al (1972) proposed that the normal pick up
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rate of haptic information may be much slower 
than that of vision, and consequently the use 
of a very brief exposure period may be the 
main reason why vision is typically 
found to dominate touch. It should also be 
noted, however, that although subjects were 
told that they were looking at and feeling the 
same object, they could not confirm this for 
themselves, a situation known to affect the 
degree of visual bias (Millar 1971.).
4.2.5 Length
T e g h t s o o n i a n  and T e g h t s o o n i a n  (1970) 
demonstrated that separately taken estimates 
of the seen and felt lengths of objects differ 
from each other. However when the objects are 
seen and felt simultaneously, estimates are 
the same as when made by vision alone. Walker 
(1972) found that the tendency to overestimate 
the length of visual objects located on the 
left side of the body midline as compared with 
those to the right (McPherson and Renfrew 
1953) has a biasing effect on haptic estimates 
of the length of these objects. Similarly, 
visual judgements of length affected by the 
inducing lines of the Muller-Lyer and Ponzo 
illusions affect in turn the perceived length 
of felt lines (Walker 1971).
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4.2.6 Texture
While there are many studies on each of the 
topics discussed so far there is a paucity of 
studies of the bimodal perception of texture. 
Fishkin, Pishkin and Stahl (1975), using a 
magnifying lens to artificially distort the 
visual cues to texture, reported a trend 
towards touch capture in texture perception 
(in fact a low level of visual bias see page
6). However from their description of this 
study, quoted below, it appears that the 
judgements of texture need not have been made 
under the discrepancy conditions -"the 
standard was established by allowing S to 
touch and see (without optical distortion) a 
sandpaper-covered block just prior to the task 
and at several times during the task.... Each 
strip could be sensed by touching it or by 
seeing an adjacent portion through a 
magnifying lens or by the combination of these 
inputs. Thus a conflict between felt and seen 
texture would occur when judgements were made 
on the basis of simultaneous inputs". From 
this description the significance of the 
reported trend towards touch capture is 
unclear.
Lederman and Abbott (1981), using a variation 
of the Rock and Victor (1964) experimental
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design, reported equal weight being given to 
the visual and haptic i n f o r m a t i o n  in 
judgements of surface texture. Again the 
significance of this finding may be questioned 
on two counts, one methodological and one 
statistical.
The stimuli for this study were a range of 
abrasive papers of varying grit size and 
concentration. In the discrepancy condition 
two different papers were paired so that they 
appeared to be the same paper half available 
to vision half to touch. No subject reported 
a discrepancy between the two components of 
the stimulus. However post-experimental 
questioning left unclear the extent to which 
the observer believed that the haptic and 
visual components of the stimulus were parts 
of the same abrasive paper.
The second criticism is that the large 
individual variation in the grit-size judged 
to match the standard, mean haptic judgement 
72.33 ± 42.8 and mean conflict judgement 92.67 
± 31.5, renders comparison of these group
scores with the group scores obtained under 
simultaneous presentation conditions of 
only marginal significance. Where such large 
individual variations are involved it is 
necessary to compare the behaviour of
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individuals on the different tests rather than 
to present only the group scores for 
comparison. (This study is reported in 
greater detail in Chapter 6.)
4.3 Methodological Considerations in Discrepancy Paradigms
4.3.1 Stimulus Variables
Two categories of stimulus variables, one 
structural the other cognitive, may influence 
the magnitude of intersensory bias (Radeau 
and Bertelson 1977). Structural factors arise 
from the nature of the presentation of the 
sensory inputs whereas cognitive factors 
results from the subjects' assumptions 
concerning the origin and cause of the 
discrepant inputs.
4.3.1.1 Structural Variables
The main structural factor involved in all 
discrepancy paradigms is the magnitude of 
the discrepancy. In studies where this 
variable has been manipulated, the amount of 
sensory bias has generally been found to 
decrease with increasing magnitude of 
discrepancy. While visual-propr^ceptive and 
visual-auditory discrepancies have been 
studied (i.e. Bermant and Welch 1976, Jack 
and Thurlow 1973, Warren and Cleaves 1971,
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Over 1966, Witkin et al 1962) the factor has 
not been directly studied in visual-haptic 
discrepancy situations. The results of 
Power (1980) may be pertinent to this issue. 
He explored the relationship between the 
performance in the conflict condition 
between gloved and ungloved subjects when 
the visual distortion was caused by weak 
(1:1.5) and strong (1:1.8) cylindrical 
lenses. While the strong lens would produce 
the greater discrepancy the graph presented 
(p 461) suggests that less visual bias was 
displayed with the weak lens (visual match = 
5, average gloved conflict match = 4.1), 
than the strong lens (visual match - 8,
average gloved conflict match = 7.3).
Visual bias has been shown to decrease when 
active rather than passive placement of the 
limb is required in visual-proprioceptive 
discrepancy studies (Welch, Widawski, 
Harringk%in,and Warren 1979). On the other 
hand the degree of sensory bias is 
unaffected by this factor in visual- 
kinesthetic judgements (Singer 1968) or 
visual-haptic judgements (Millar 1972).
It has been suggested, but not tested, that 
the timing of presentation (i.e. to one 
sense before the other) of the two sensory
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inputs rather than the s i m u l t a n e o u s  
presentation normally used might be expected 
to affect the degree of sensory bias (Welch 
and Warren 1980).
4.3.1.Ü Cognitive Variables
Drawing the attention of the subjects to the 
possibility of v i s u a l - p r o p r i o c e p t i v e  
discrepancy, or demettrating the optical 
effects of a prism have been found neither 
to increase the incidence of the discrepancy 
being reported nor to affect the degree of 
visual bias (Pick et al 1969, Warren 1979). 
Similarly no difference was found between 
the degree of visual bias shown by those who 
did and those who did not report becoming 
aware of intersensory discordance (Fishkin 
et al 1975). However, when informed of the 
possibility of discrepancy in an auditory- 
visual situation, visual bias approximately 
halved, (Warren 1979).
Millar (1972) demonstrated the importance of 
the subject's belief that the visual and 
haptic sensory inputs emanated from the same 
object, if visual bias of the haptic sense 
is to occur. This belief is basic to the 
"assumption of unity" referred to by Welch 
and Warren (1980). They argue that the
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strength of the asumption will affect the 
level of sensory bias and that in turn the 
strength of the assumption is affected by 
such factors as (a) the number of properties 
being redundantly specified by the two (or 
more) sensory m o d alities and (b) 
historical factors. The term historical 
factors refers to the likelihood of related 
situations having occurred in the past e.g. 
whistles and steam have historical 
associations through boiling kettles; 
h o w e v e r  lights and bells are only 
infrequently paired. Jackson (1953) 
demonstrated that visual bias of the 
auditory stimulus V(A) was, greater for 
whistle and steam than for light and bell. 
Similarly V(A) is greater for pairings of 
voice and mouth than for a light whose 
intensity is modulated by the sound of a 
voice (Rad eau and Bertelson 1977), and for 
voice and puppet with face than for voice 
and puppet with no facial features (Jack and 
Thurlow 1973).
Rock and Victor (1964) assumed that if a 
subject was able to see his hand while 
haptically exploring an optically distorted 
object, visual bias of the haptic sense 
would be reduced or eliminated. They
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therefore prevented a direct view of the 
hand by draping it with a thin black cloth. 
In other studies only finger tips have been 
visible (Warren and Schmitt 1978). However, 
Kinney and Luria 1970 allowed their diver 
subjects to see themselves handling the 
objects under the water: strong visual
d o m i n a n c e  was still reported. This 
indicates that although vision of the 
optically distorted hand may increase 
subject awareness of the intersensory 
discrepancy, it does not eliminate bias. 
Welch and Warren (1980) argue that in 
situations where the magnitude of the 
discrepancy is small, visual bias may be 
increased by the sight of the hand, since 
the strength of the assumption of unity may 
be increased. This prediction was not 
supported in a study by Power (1980), who 
allowed half of his subjects to see their 
hands, while haptically exploring shapes, 
under two lens conditions. The visual 
conditions were created by weak and strong 
cylindrical lenses magnifying in one 
dimension by 1:1.5 and 1:1.8 respectively. 
Gloved subjects selected a comparison close 
to the visual image. Bare-handed subjects 
gave compromise judgements with the strong 
lens, but judgements similar (although
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smaller than) those of the gloved subjects 
with the weaker lens. No differences were 
found between the judgements, under these 
conditions of nine year olds and adults.
4.3.2 Response Variables
In s t u d i e s  i n v o l v i n g  v i s u a l - h a p t i c  
discrepancy, nearly complete visual bias has 
been reported regardless of the response 
method, whether visual, haptic or drawing 
(Power 1980, Power and Graham 1976, Rock and 
Victor 1964). However, Page and Locke (1977) 
report increased bias with visual rather than 
haptic response methods. Warren (1980) 
r e p o r t e d  i n c r e a s e d  v i s u a l  bias of 
proprioceptive judgements when subjects judged 
the position of their fingers relative to a 
numbered scale rather than by pointing with 
their other hand.
Most studies have imposed minimal delay 
between exposure to the discrepancy condition 
and response. Where delays have been included 
results are varied. Warren and Pick (1970) 
report the visual bias of proprioception 
decreased with delayed response whereas 
Warren (1980), and Smothergill (1968) report 
no difference.
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4.3.3 Individual Differences
Where this issue is discussed, the degree of 
intersensory bias reported varies considerably 
between subjects. McDonnell and Duffett(1972) 
reported that the relatively dominant sensory 
modality for one subject may be the relatively 
dominated modality for another. Pick et al 
(1969) found a bimodal distribution of visual 
bias of auditory judgements with one mode 
around 98% the other at 12%. Likewise Over 
(1966) reported that some subjects showed 
strong visual bias of the felt orientation of 
an optically tilted bar, whereas others were 
virtually unaffected by the discrepant visual 
information.
Where studies have compared intersensory bias 
in different judgements (e.g. Klein 1966, 
Fishkin, 'Pishkin and Stahl 1975), little 
evidence is found for a common basis for 
performance on the various intersensory 
discrepancy tasks.
4.4 Relationship between Intersensory Bias and 
Adaptation
The relationship between these phenomena is 
unclear. Exposure to discrepancy conditions 
involving haptic or kinesthetic information and 
rearranged visual information typically results in
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immediate alteration in the perception of the 
haptic or kinesthetic modality. On closing the 
eyes the effect rapidly dissipates (Hay et al 
1965). Indeed there are reports of subjects 
claiming that the object appears to shrink or grow 
in the hand (Rock 1964, Power 1980). However, if 
instead of a brief Exposure the subject is exposed 
to the discrepancy over a prolonged period, the 
change in the haptic or kinesthetic senses becomes 
consolidated into a semipermanent effect. This is 
demonstrated by the work of Rock, Mack, Adams and 
Hill (1965)^ whose study was specifically designed 
to explore whether the change in touch would 
outlast the conflict situation, if the conflict 
situation were continued for a long period of time. 
Initially subjects made a visual and haptic match 
to standard objects, then for thirty minutes 
subjects were required to explore objects both 
visually and haptically while wearing reducing 
goggles. With the vision no longer distorted 
subjects then made all four inter and intra-modal 
visual and haptic matches to their memories of a 
standard object encountered before the goggles were 
worn. When making the H-V match, an object smaller 
than the standard was selected, while a larger than 
standard object was selected on the V-H match. 
When subjects choose a visual match to their visual 
memory of the standard the same size object was 
choosen as before. However when the subjects
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haptically matched their haptic memory of the 
object they choose a larger object than that 
selected before adaptation. It was therefore the 
haptic sense which adapted and remained adapted 
beyond the conflict situation (see Welch 1974, and 
1978 for a full review of adaptation studies). 
Some investigators have claimed that visual bias 
and adaptation are two manifestations of the same 
effect (Hay 1974), and that adaptation is merely 
achieved more rapidly in visual dominance 
conditions (Klein 1966). Other investators have 
suggested that the processes of intersensory bias 
and adaptation are actually antithetical to one 
another (Welch and Warren 1980). The basis of 
their suggestion is that bias resolves the imposed 
discrepancy therefore there is little incentive for 
adaptation.
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Summary of Research Findings with Respect to Adults
1. Visual intra-modal judgements are easier for adults 
than haptic intra-modal judgements or intermodal 
judgements between these conditions.
2. When stimuli are simple, e.g. geometrical shapes, 
intermodal visual-haptic judgements and intra modal 
haptic judgements are found to be equally difficult
i.e. H-V = V-H = H-H. However with more complex 
stimuli e.g. nonsense shapes the order of task 
difficulty becomes V-V>V-H>H-V>H-H where V-V is 
easiest and H-H is most difficult.
3. A conflict between visual and haptic or kinesthetic 
data is typically resolved in favour of the visual 
information.
4. Examples of modalities biasing visual judgements more 
than they are in turn biased by visual information 
are rare. ’
5. Stimulus variables both cognitive e.g. subjects' 
awareness of distortion of the visual information and 
structural e.g. the magnitude of the discrepancy 
between the two sources of information, and response 
variables e.g. the modality of response and 
individual differences, affect the magnitude of the 
sensory bias.
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5. THEORIES OF INTERSENSORY ORGANISATION
Some theories have relevance both for the cross-modal 
data and for the sensory bias data, other theories 
are specific to only one paradigm.
5.1 Cross Modal Specific Theory
Connolly and Jones (1970) hypothesised that in 
cross-modal transfer situations the standard must 
be immediately recoded into the modality of the 
response set to enable a comparison of the standard 
and response items to take place. According to 
this hypothesis, success in matching is a function 
of the role of memory decay of the response 
modality, visual memory decaying at a slower rate 
than kinesthetic or haptic memory. While this 
hypothesis is supported by Connolly et al (1970), 
their finding that K-V transfer is better than V-K 
transfer is^ - in conflict with the findings of most 
other investigators of visual-haptic transfer. 
Marcell and Allen (1975, 1978) interpolated a
visual or kinesthetic task between presentations of 
the standard and response set. The Connolly and 
Jones (1970) hypothesis predicts that the 
kinesthetic task would lead to greater discrepancy 
in the interpolated conditions, and that visual 
interpolations would differerentially interfere 
with VV and KV tasks; this was not confirmed. 
Newell et al (1979) varied the timing of when
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subjects were informed of the response modality, 
but found no effect on the ordering of difficulty 
of the conditions.
Jones (1972, 1973 and 1981) has now offered a
number of criticisms of this model and suggests 
that KK, VK and KV tasks may each reflect quite 
different processes from which generalisation 
cannot be made.
5.2 Intersensory Bias Theory
Posner,Nissen, and Klein (1976) proposed that 
attentional factors serve as the basis for visual 
dominance. They suggest that visual dominance is 
related to the relatively weak capacity of visual 
inputs to alert the organism to their occurrence. 
In response to this reduced alerting facility, 
humans develop a predisposition to direct their 
attention towards the visual modality.
Support for this view comes from the work of 
Colavita and Weisberg (1979) who found that 
reducing the alerting properties of the visual 
stimulus, by changing the reaction to stimulus 
removal rather than onset, resulted in an increased 
attentional bias towards visual inputs. Further 
support comes from studies in which the adapted 
modality was found to be negatively related to the 
modality to which attention was directed (Kelso et 
al 1975, Cannon 1970, 1971). Merely instructing
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. subjects to attend to a specific modality, or 
informing them of the unreliability of their 
judgements, have been unsuccessful in attempting to 
manipulate sensory bias (Warren and Schmitt 1978, 
Pick 1969).
Ballet dancers are trained to attend to body 
position and kinesthetic rather than visual cues: 
Gruen (1955) showed that they were better than non­
dancers in adjusting themselves to gravitational 
vertical in the Witkin tilted room. Similarly 
Kahane and Auerbach (1973) demonstrated that 
dancers did not adapt to wearing prism spectacles, 
remaining accurate both during and after prismatic 
experience.
Neisser (1975, 1976) draws attention to the fact
that without prior practice, selected episodes may 
be attended to either visually or aurally, without 
the episodes being distinguished by separate sense 
organs or channels. Neisser (1975) concluded that 
selected looking did not "involve anything like 
suppression Cof information)...one event is perceived 
because the relevant information is being picked up 
and used; other information is not picked up in the 
first place and consequently not used".
5.3 Modality Unity
According to this theory (Gibson 1950, 1966)
modalities are differentiated but each is able to
61
respond to "invariants in the stimuli". This 
theory is supported by reports that subjects can 
"see" as a result of tact u. al images experienced 
through vibrators on the skin of the back, 
(Guarniero 1974 , White, Saunders Scadden, Bach-y- 
Rita and Collins 1970), and by the ability of 
infants to transfer information intermodally (e.g. 
Meltzoff and Borton 197^). Against this theory the 
unequal efficiency of subjects at intra/intermodal 
transfer tasks would not be anticipated. However 
Gibson's (1969) emphasis on the role of experience 
in shaping information extraction ability, 
particularly of "higher order invariants," would 
account for the improvement in intra- and inter- 
modal judgements with age. However, if the senses 
are responding to amodal features of stimulus 
material there is no reason for one modality to 
dominate or bias another. It is difficult to 
explain the intersensory bias data on this theory 
without invoking the notion of the superior power 
of vision to detect these amodal properties, which 
undermines the value of the theory.
5.4 Modality Appropriateness Hypothesis
This proposal comes in a variety of forms, some 
general, some specific, but all depending on the 
notion that not all sensory modalities are equally 
adapted to the perception of a given event. After
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reviewing the research literature, Friedes (1974) 
concluded that for relatively simple tasks the 
various moda l i t i e s  are not differentially 
effective, but for more complex tasks the 
modalities show relative superiorities that are 
related to their particular information processing 
characteristics. More generally, O'Connor and 
Hermelin (1978) maintained that vision is better 
suited to spatial coding whereas audition is best 
suited to temporal coding. This conclusion is 
based on a number of factors. Firstly, analysis of 
different sensory memories (by e.g. Crowder and 
Morton 1969, Posner 1967) suggests that the 
modality specific qualities of the stimulus 
materials are preserved at least for brief periods. 
O'Connor and Hermelin (1973, 1978) suggest
therefore that particular modality specific memory 
stores are more specialised than others for the 
appreciation of certain dimensions of percepts. 
Research on the temporal and spatial organisation 
of short term memory (O'Connor and Hermelin 1973) 
and comparative research with normal children and 
those handicapped both physically and mentally 
(O'Connor and Hermelin 1978) lead these authors to 
conclude that spatial information is visually coded 
whereas temporal information is auditorily coded. 
Pick (1970) was concerned only w i th spatial 
information which he suggested all modalities 
converted to a visual code, a notion supported
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particularly by those concerned with blindness 
(Hatwell 1978, Warren 1977,McKinney 1964, Von Senden 
1960, Revesz 1950).
On the specific topic of sensory bias this 
hypothesis proposes that whichever modality is 
capable of processing the information with maximum 
precision will bias the other (Choe, Welch, 
Guilford, Juola 1975, Kaufman 1974, Fisher 1968, 
Howard and Templeton 1966). According to this 
argument, vision, the more precise spatial ability, 
should bias proprioception more than audition, the 
least precise spatial modality. The results of the 
study by Pick et al (1969) fail to support this 
view. Taking the argument further it would 
similarly be expected that subjects who are more 
haptically accurate and experienced and therefore 
precise in the haptic modality might experience 
less visual bias of that modality than would occur 
with subjects with no particular haptic expertise. 
This notion was not supported in the previously 
reported comparative study of potters and students 
(Power and Graham 1976). Attempts to increase 
haptic precision by haptic training sessions have 
resulted in a decrease in visual bias (Becker-Garus 
1973), However, the haptic training, while 
increasing precision, may also have served to 
direct attention towards the haptic modality, 
rendering the effect of the improved precision
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unclear. Other attempts to affect the level of 
visual bias by varying the precision of the haptic 
and visual senses have been unsuccessful (Fiskin, 
Pishkin and Stahl 197 5, McDonnell and Duffett, 1972) 
although the latter investigators failed also to 
prove that haptic precision was manipulated.
If information is processed by the modality most 
suited to its characteristics, it would be expected 
that there would be circumstances in which touch 
would bias vision. It is argued by Friedes (1974) 
Lederman^(1972, 1981) and Gibson (1933) that the
characteristics of texture would be most suited to 
haptic processing. Visual judgements have however 
been shown to be equal or more efficient than 
haptic judgements of texture (Rose, Blank and 
Bridger 1972, Bjorkman 1967, Brown 1960). But it 
may still be argued that texture is more suited to 
haptic judgements than is shape. Therefore touch 
might be expected to bias vision more in the 
perception of texture than of shape. Two studies 
(Fishkin, Pishkin and Stahl 1975, Lederman and 
Abbott 1981) have respectively reported a trend 
towards touch capture, and an equal compromise 
between the visual and haptic information although 
methodological considerations make generalisations 
from these two studies unreliable.
Numerous studies have demonstrated that vision 
dominates audition in spatial situations (e.g.
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Warren 1970, Young 1928). However demonstrations 
of audition biasing vision while rare do exist 
(Regan and Spekreisje 1977). Subjects perceived 
the rate of visual flicker from a light source, 
flickering at constant rate, to be driven up or 
down according to the speed of auditory flutter 
from an independant sound source. This was a 
totally asymmetric relationship - varying the rate 
of visual flicker had no influence whatever on the 
perceived rate of auditory flutter. It must be 
noted that the visual stim.ulus in this study, the 
flicker of a light source, is not spatial but 
temporal information. The findings are therefore 
in accord with the O'Connor and Hermelin hypothesis 
(1978): where the information is temporal
regardless of the modality of input the information 
will be coded auditorily and audition will bias 
vision.
The notion that vision is the primary modality 
which organizes and integrates all spatial 
information is supported by research which 
demonstrates that auditory location accuracy is 
better in children in the light than in the dark 
(Platt and Warren 1972^ with eyes open rather than 
shut (Warren 1970)^ and that when visual location is 
distorted by prism adaptation, sound localisation 
is equally distorted (Lackner 1973).
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If all spatial information is converted to a visual 
code (Pick 1970) it would be anticipated that blind 
people would be severely hampered in spatial 
judgements or be required to develop a completely 
different spatial organisation to sighted persons. 
Investigations of this hypothesis frequently 
involve comparisons of the performance of 
congenitally blind and blindfolded subjects on a 
variety of tasks (O'Connor and Hermelin 1978, 
Millar 1981). From these studies it is usually 
concluded that vision is neither necessary or 
inherent in all forms of spatial organisation. It 
is not disputed however that visual experience and 
information can be sufficient or at least 
facilitating in haptic judgements. In these 
studies two asumptions are made which may not be 
justifiable. Firstly it is assumed (e.g. Millar 
1981) that visual images are not available to blind 
subjects. Neisser (1976) disagrees with this 
assumption arguing that blind people do have images 
or schema i.e. "an anticipation of information that 
they might get if they explore the object or 
situation haptically". Research with congenitally 
blind subjects, supports this argument (Jonides, 
Kahn and Rozin 1975). The memories of congenitally 
blind subjects for words were greatly improved when 
subjects were instructed to make visual images of 
the words. It may be further argued that the blind 
develop cognitive maps and other spatial schema to
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negotiate their own homes and regularly followed 
routes. This facility could be utilised by them in 
laboratory spatial tasks. Secondly, in common with 
cross-modal and sensory bias experiments, it is 
assumed that subjects will utilise the same 
strategy in all task conditions. There is a 
further assumption that subjects are naive when 
they come to the experimental situation; however 
being asked to feel objects under or via cloths or 
to look at objects inside boxes via lenses or 
prisms might be expected to evoke in subjects a 
problem solving approach to the task. A variety of 
methods and strategies is in fact available to 
subjects both in i n t r a / i n t e rmodal and in 
discrepancy experiments. It would be surprising if 
all subjects selected the same strategy and if all 
subjects retained the same strategy throughout the 
experiment. Posner (1973) supports this view : 
discussing the work of Laabs (1971) he states "his 
results point out again the obstinate ability of 
subjects to create new strategies for a given 
performance".
A n o t h e r  f a c t o r  f r e q u e n t l y  i g n o r e d  in 
generalisations concerning modality processing and 
or g a n i s a t i o n  is that subjects have been 
demonstrated to have modality preferences which are 
task independant and influence information 
processing strategy. In a study by Ingersoll and
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Di Vesta (1972) college students were preclassified 
on the basis of recall scores on a digit span test 
presented to the auditory and visual modalities and 
a short term memory test. The visual attenders 
recalled more 'seen' than 'heard' words and the 
reverse was true for auditory attenders: 
Furthermore, differences between the recall of 
auditory and visual items were in early serial 
positions for visual attenders and late serial 
positions for auditory attenders. In life outside 
the laboratory some people prefer full verbal 
explanations of events, interactions or strategies , 
and consider flow charts and graphs an unnecessary 
hazard on the path to understanding. Others hold 
the reverse opinions while a further percentage of 
the population find explanations with both 
components most helpful.
The modality> appropriateness hypothesis is neutral 
on many questions related to intermodal 
or g a n i s a t i o n  such as how i n f o r mation is 
transferred, integrated and exchanged between 
modalities. Its position is that regardless of the 
process of integration humans are biased to favour 
information to specific modalities under specific 
perceptual conditions.
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Summary of Research Findings
1. For both adults and children it has been shown that 
intra-modal transfer in the visual modality is 
easier than haptic intra-modal transfer or 
intermodal transfer between these two modalities, 
whatever the stimulus judgement.
2. For young children there is typically asymmetry in 
their ability to transfer information between 
the visual and haptic senses, transfer between 
vision and touch being easier than the reverse.
3. For adults, intra-modal haptic judgements and 
intermodal visual-haptic judgements are usually 
found to be equally difficult for geometrical 
stimuli. However when the stimuli are nonsense 
shapes the order of difficulty of intra- and 
intermodal comparisons reverts to that of young 
children namely V-V easiest followed by V-H, H-V 
with H-H being the most difficult.
4. Intermodal transfer has been shown to take place in 
higher primates and in infants, therefore language 
is not necessary for intermodal transfer, although 
in some circumstances it may have a facilitating 
effect.
5. Intra-modal haptic judgements improve with age 
particular improvement being shown between the 5th 
and 6th year. Intra-modal visual judgements are
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efficient from around 3 years but continue to 
improve thereafter.
6. No adequate explanation has been provided for
a) why intra-modal touch judgements are so 
difficult
b) why the asymmetry of intermodal judgements 
occurs although increased memory load is 
known to decrease the accuracy of haptic- 
visual jugements more than visual-haptic 
judgements.
7. When adult subjects are placed in conditions where 
the visual information received is discrepant with 
the haptic information, the conflict will in many 
circumstances not be experienced, the conflict 
typically being resolved in favour of the visual 
information.
8. The developmental patterns of intersensory bias are 
unclear. There is evidence that infants' 
somesthetic judgements are biased by visual 
information. However studies of the reactions of 
children have produced conflicting results, some 
studies claiming that childrens' haptic judgements 
are visually biased, and are biased to the same 
extent as adult subjects, while other studies claim 
that children show no visual bias of their haptic 
judgements.
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9. Stimulus variables, both structural and cognitive,
and response variables, are known to affect the 
level of bias, howev er the precise effect of these 
variables is unclear as is their effect at various 
stages in development.
Summary of Theoretical Issues
1. How the integrated sensory system exhibited by 
adults is achieved is the subject of numerous 
theories involving
a) 'prewiring* at birth
b) information being coded amodally but 
nonverbally
c) a common amodal sensory space in the brain at 
birth; the senses are then differentiated and 
reintegrated by one of the methods below
i) detection of amodal features in the 
stimuli
ii) cross-mapping resulting from simultaneous 
experiences
iii) involvement in schemajs developed during 
active interaction with the environment
or iv) the mediation of language.
2. Coding of information is hypothesised to take place 
in terms of:-
a) amodal codes as in 1(b) above
b) language
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or c) visual means, for spatial information and 
auditory means for temporal information.
3. The sense that is used to organise and possibly code 
the information received by the senses may also be 
the sense which is relied upon, or which biases or 
dominates the other senses.
4. Theories presented to explain which sense will 
organise/code/bias the incoming information have 
involved consideration of such factors as;- 
precision of the modality for specific types of 
information, memory decay rates, experience of 
related situations and the degree of stimulus 
redundancy in those situations, attention and 
styles of information processing.
5. The models or theories reviewed have been of varying 
levels of generality. As is usually the case no one 
theory or approach has been able to account for all 
data in all circumstances therefore aspects of most 
of the theories need to be borne in mind when 
planning and analysing any research into the 
development of intermodal organisation. This may 
in part be due to human flexibility in the use of 
strategies, personal preferences for sensory 
i n f o r m a t i o n  and their effect on styles of 
processing.
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6. RATIONALE FOR THIS THESIS
This literature review has revealed numerous 
inconsistencies and gaps in our knowledge of 
intermodal organisation. An area where there is 
both a gap and a major inconsistency in the data is 
that concerning the developmental path of the 
relative influence of the visual and haptic senses 
on the individual.
The studies of Lee and Aronson (1974) and Lee and 
Lishman (1975) involving the position adjustment 
reactions of infants and adults to movement of walls 
relative to the floor suggest that the visual 
dominance of proprioception decreases with age. 
However the studies by McGurk and McDonald (1976) of 
subjects' perception of sounds received from a video 
which has sounds dubbed onto appropriate or 
inappropriate lip movements suggest that visual 
influence on the auditory modality increases with 
age. The experimental designs used in these studies 
were the same for both adult and infants. If the 
only experimental design used to study visual bias 
of touch involved the visual cliff it would be 
concluded that the visual bias of touch decreased 
with age, Gibson and Walk (1960) having demonstrated 
that infants will not cross the deep side of the 
cliff whereas it is known that adults will. However 
adults are aware of the discrepancy between the 
visual and haptic information. Their decision to
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cross the cliff is therefore a cognitive one reached 
after weighing up all the available information. 
Other experimental designs in which the adult is 
unaware of the conflict, such as that of Rock and 
Victor (1964) in which the subject matches an object 
to one which he has felt while simultaneous ly 
looking at it through a lens, suggest that vision 
strongly biases the adult haptic sense. Where this 
design has been used with children it has produced 
contraditory results, McGurk and Power (1980) 
finding that children were strongly visually biased 
in their haptic judgements whereas Page and Locke 
(1977) reported that visual information had a very 
limited influence on childrens' haptic judgements.
Resolution of this conflict, apart from overcoming a 
discrepancy in the literature would increase the 
knowledge of intermodal organisation in childhood 
with respect to visual-haptic influence and would 
also further the evidence on the notion of the 
haptic sense being a developmental precursor to the 
visual sense.
The initial task of this doctoral research programme 
was therefore to establish how young children would 
react to a conflict of information to the visual and 
haptic senses as experienced in the Rock and Victor 
(1964) style of experimental design.
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CHAPTER 2
1. METHODOLOGICAL ISSUES
Numerous criticisms are directed at visual dominance 
experiments, particularly thosè studies using 
children as subjects. Some criticisms are of 
features of specific experimental designs, whilst 
others are of factors associated with the basic 
visual-haptic discrepancy paradigm.
The first general criticisms which must be met and 
answered concern the value of discrepancy paradigms 
per se. Parallels are drawn between the relationship 
of these studies to perception and the relationship 
of illusions to perception. In both the use of 
discrepancy paradigms and illusions, subjects are 
being placed in abnormal situations for which, it is 
argued, there are no parallels in real life. 
Therefore conclusions concerning the nature of 
perceptual processes based on these sources are 
either invalid or of limited application.
Real life incidents do however occur which suggest 
that the results arising from the discrepancy 
paradigm are not unrelated to normal perception. In 
the cinema for example, while one might initially be 
aware of the loud speakers on the walls, the sound 
very quickly appears to be coming from the screen and 
more specifically, speech from the mouths of the 
actors: an example of the visual bias of audition.
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Another situation with which most people are familiar 
is the apparent movement of a stationary train in 
which one is seated if a train on an adjacent 
platform begins to move, thereby demonstrating visual 
biasing of kinesthetic information.
The perceptual outcomes from the discrepancy paradigm 
are close enough to those from these real life 
incidents for their contribution to the understanding 
of modality organisation to be valuable. The 
discrepancy paradigm simply provides a means of 
'tagging' the information made available to each 
modality and thereby a means of testing hypotheses 
about why these experiences occur. Additionally, 
conflict experiments provide a means of assessing 
ideas about how perceptual unity is achieved, whether 
by averaging, aggregation, recalibration or whatever. 
That experimental procedures do not reflect real life 
is less important than that there should be a clear 
theoretical pathway from the procedures used in the 
laboratory to the real life events which the 
experiments are assumed to cast light upon.
Consider now the features of specific experimental 
designs which attract criticism. One problem common 
to several designs is the failure to ensure that 
subjects believe that the visual and haptic 
information is emanating from the same object; a 
belief that Millar (1972) demonstrated was necessary 
for visual biasing to occur. If subjects do not
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believe that they are seeing and feeling the same 
object, their responses are difficult to interpret 
since they may in some circumstances be electing to 
respond either to the haptic or the visual 
information or to any combination thereof. Indeed 
this possible failure on the part of Page & Locke 
(1977) may be the cause of the conflict between their 
results and those of McGurk & Power (1980). In the 
description of their visual-haptic presentation 
procedure Page & Locke (1977) state "at no time could 
the subject see his own hand or the outline of it 
beneath the backing cloth in which the block was 
suspended". In these conditions the subjects' belief 
that he is seeing and feeling the same object must be 
suspect and therefore the basis of his decision 
unsure.
McDonneU & Duffett (1972), in an attempt to overcome 
the necessity, to use either a lens or a cloth to 
obscure the subject's hand, used an experimental 
design in which the haptic and visual objects were 
mounted one above the other on either side of a 
board. The haptic object could therefore be explored 
without it being seen. Again the subject's belief 
that the visual and haptic objects were one and the 
same must be suspect. Similarly, in the discrepancy 
condition of the Lederman and Abbott (1981) study of 
texture perception, the visual and haptic textures 
were placed one beside the other, divided by a frame
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with the haptic texture covered by a cloth. Although 
in discussions with subjects after the tests none 
indicated that they had been aware of the 
discrepancy, the strength of their belief that the 
two textures were of the same origin, i.e. their 
a sumption of unity, must be questioned. It is 
possible that subjects' responses were consciously 
based on either the visual or the haptic information 
rather than the combined sensory information from 
these two sources. On the other hand, for the 
experimenter to say that the objects are one and the 
same may draw the subject's attention to the fact 
that they might not be and once again the subject's 
belief is suspect.
Studies have also been criticised for insufficient 
training of subjects to ensure that they understand 
what is required of them (Welch & Warren 1980). This 
is a criticism that would be particularly relevant to 
studies involving children as subjects, and more 
difficult to detect with the larger variability that 
occurs in children's responses relative to adult 
responses.
While McGurk & Power (1980) included a training 
procedure in their study, it may be criticised on two 
counts. Firstly the target object, was presented in 
different circumstances in the training and test 
situations; the presentation method in the training 
procedure was much simpler than that used in the test
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situation. During the training procedure the target 
object and comparison objects were presented on
boards, placed one in front of the other in front of
the child. This enabled the child to look at and 
feel the objects under fairly natural conditions. In 
the testing situation the target objects were 
presented in a large box and the child could only view 
the object monocularly since it was required to view 
the object via a 12 mm hole in the top of the box. 
For haptic exploration, rather than placing his hand 
under a cloth to feel the object, he was now required 
to feel the object through a cloth. While the 
training procedure ensured that the child understood 
the challenge to "select the shape that most closely 
resembled the target" it hardly prepared him for the 
circumstances in which he would perform the task. By 
making the haptic information more difficult to
obtain in the test situation than the training
situation i.e. ’by placing a cloth between the child's 
hand and the object, the test situation may become 
biased towards a visual response since the visual 
information is obtainable in a similar way in both 
the training and testing circumstances.
The second criticism of the McGurkSc Power (1980) 
training procedure concerns the relationship between 
objects used in the training and test procedures. In 
the training procedure all objects both target and 
response were rectangular, whereas in the test 
procedure the target object was always physically
80
square, although visually it appeared rectangular. 
The response board in the test procedure comprised 
one square object (the haptic match) one rectangular 
object (the visual match) and one rectangular object, 
a compromise between the two other response shapes 
(square and rectangular). It may be argued therefore 
that the training procedure encouraged a rectangular 
and therefore visual match in the test situation.
The effect of both the factors discussed would serve, 
albeit unintentionally, to bias the results in favour 
of the experimental hypothesis that visual bias would 
occur.
To ensure that subjects are unaware that two of their 
modalities are receiving discrepant information, 
subjects have typically been asked to give only one 
response to one conflict presentation, although 
control measures are taken. To have subjects make 
more than one’judgement with respect to discrepant 
information could lead to two possible outcomes.
1) there could be no significant difference in the 
judgements thereby increasing the significance 
of conclusions concerning intermodal organisation 
based on the results.
2) the results would vary significantly across the 
decisions and the nature of this variation could 
be illuminating on the nature of intermodal 
organisation.
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More generally, experimental designs are criticised 
because they include features which might be expected 
to be affected by such factors as memory or attention 
- factors on which theories of visual dominance are 
based and which are known to affect the magnitude of 
visual bias.
With respect to memory it is known that haptic memory 
fades faster than visual memory possibly due to the 
relative difficulties of rehearsing haptic memories. 
Therefore by the time the target object is being 
drawn or matched to the response board, the haptic 
memory may have faded leaving only the visual 
information, from the conflict condition, on which to 
base the response. It may also be argued that visual 
information is immediate and holistic while haptic 
information, involving exploration of successive 
parts, takes longer to pick up; in which case equal 
exposure times to the visual and haptic information 
will d i-3-e^ i-m a te ie- favour -of. the visual information.
In the basic conflict design established by Rock & 
Victor (1964) the subject's hand would be seen to be 
distorted as he handled the target object; he would 
therefore become aware that his visual information 
was being distorted. Most experimenters have 
therefore required their subjects to handle the 
object through a cloth. Although it is stressed that 
the cloth is finely textured, it is questionable 
whether adequate undistorted haptic information may
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be gained through the cloth. It may also be argued 
(McDonnell & Duffett 1972) that since the haptic 
information has only been gained via a cloth, 
subjects would be discouraged from relying on this 
information thereby promoting a visual response.
Subsequent to the studies described in chapters 2 and 
3 of this thesis being conducted. Power (1980) 
reported a study of the effect of subjects gaining 
their haptic information with or without a glove 
covering the hand. From experiments with both adult 
and child (mean age 9 years 7 months) subjects, he 
concluded that the presence or absence of a glove to 
hide the hand and via which the objects were 
haptically explored had no significant effect with a 
weak cylindrical lens causing the visual information 
to be unidirectionally magnified 1.5x. The glove, 
did however, significantly influence decisions where 
a stronger lens was involved (unidirectional 
magnification l.Bx). At the higher magnification, 
visual influence on the decisions was reduced by 23% 
but not eliminated, when the hand was ungloved rather 
than gloved.
For the purposes of the first experiment in the 
present investigation, in which young children were
to be employed as subjects, an experimental procedure
cwas developed which took acount of the methodological 
factors discussed above. With a particular view to 
optimizing the take up of haptic information, the
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following precautions were taken.
1) Children were to be haptically trained to an 
equal degree on all possible response shapes, 
in the same circumstances that would be used in 
the test situation. Children experience no 
difficulty in making visual comparisons and by 
only training on haptic comparison this would 
ensure
a) that children could perform haptic 
matching to an acceptable standard
b) that attention to the haptic modality 
would be encouraged
2) Haptic exploration of the object would not 
take place via a cloth. This would ensure that
a) there would be no physical impediment to 
the collection of haptic information
b) there would be no experimental reason why 
the haptic information would not be 
attended to
c) the assumption of unity would be 
maximised.
3) Haptic information would remain available to 
subjects after the simultaneous presentation of 
the discrepant haptic and visual information and 
throughout the response procedure, thus ensuring
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a) adequate time to gather the haptic 
information
b) encouragement to attend to the haptic 
information
c) encouragement to rely on the haptic 
information
d) no problems due to inadequate haptic 
memory.
4) Decisions would be made with respect to four
shapes. Each subject would make two judgements
relative to the discrepancy condition. The
shapes chosen were square, triangle, diamond and
circle. The triangular and diamond shapes
ofwould involve changes both in the lengthythe sides 
and in the angles subtended between them. 
Thus the diamond and triangular shaped stimuli 
could be conceived of as providing more discrepant 
information in the conflict condition since they 
will be discrepant for two factors rather than 
one.
The object of this design was to ensure as 
far as possible that if the children did display 
visual bias it could not be explained as an 
artifact of the experimental design rather than as 
a feature of inter-modal organisation.
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2. EXPERIMENT 1 
Subjects
Fifty-five children (30 males, and 25 females) were 
recruited to the study from four nursery schools. 
The ages of the subjects ranged from 3 years 9 months 
to 5 years 1 month with a mean age of 4 years 4 
months. Fourteen of these children failed to reach 
the training criterion to take part in the test 
procedure.
Apparatus A
The apparatus was a modified version of that used by 
McGurk and Power (1980). This consisted of a wooden 
box 12.3" wide, 8.1" deep and 14.6" high, which 
contained the standard stimuli, and which was 
provided with a viewing aperture in the top face (see 
Figure 2.1). The standards were flat pieces of 0.1" 
thick white plexiglass mounted on 2.5" wooden dowels 
of 0.5" diameter. A wooden block was fixed centrally 
to the floor of the box, and a 0.5" diameter hole was 
drilled in this block, to enable the various 
standards to be inserted. Through the base of each 
dowel, at right angles to its axis, was a non- 
symmetrical pin which, by locating in a slot in the 
wooden block, served to ensure that standards were 
always mounted in an identical orientation and could 
not be rotated. An 8 diopter cylindrical lens was
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mounted, in a wooden holder, with a 2" diameter 
aperture, and suspended 6.5" be low the viewing 
aperture. This lens optically expanded the standards 
by 1.5 times along the proximal-distal axis while 
maintaining the other direction constant. A wooden 
tunnel of inside dimensions 3.2" x 3.2" was fitted 
between the viewing aperture and the lens. The upper 
half of the side of the box facing the subject was 
covered with hardboard, from which was suspended a 
curtain of black cloth so that the subject could 
touch the standard, while being unable to see it. 
The back of the box (the experimenter's side) was 
open and was placed facing a window so that the 
standard was well illuminated.
There is an apparent discrepancy between the 
apparatus dimensions reported by McGurk and Power 
(1980) and the 1.5 times magnification of the 
standard object. No satisfactory theoretical 
resolution of this problem could be found. In the 
present study, therefore, the distance from the lens 
to the top of the s'tandard was set to meet the 
experimenter's subjective judgement of a 1.5 times 
magnification; a distance of 2.2" was thereby 
selected. Twenty people selected at random from 
those in a coffee lounge were asked to visually match 
the circular and square standard objects under these 
conditions to one of a response set of five 
corresponding objects of dimensions 1"x1.2 5 " ,
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l"xl.37", l"xl.5", l"xl.62" and l"xl.75". Of the 40
responses, 34 selected the l"xl.5" object, 4 selected 
the l"x 1.37" object, and 2 selected the 1"xl.62" 
object. It was decided therefore to use the 2.2" 
separation reported above, but always to include a 
visual match via the lens as a control measure.
Test Materials
Two sets of each of the following object sets were 
made of 0.1" plexiglass.
1) square / rectangular 
l"xl", l"xl.25", l"xl.5"
2) triangular
1"xl", 1"xl.25", 1"xl.5" (breadth x height)
3) circular / ellipsoid
1" diameter, 1" x 1.25", 1" x 1.5"
4) diamond
l"xl", l"xl.25", l"xl.5" (diagonals)
One of each of the shape sets was mounted on wooden
dowel in a wooden response board 12" x 4.5" x 0.5" 
with 4" spaces between the objects. The other shape 
sets were mounted on wooden dowels for placing in the 
apparatus box.
The standard object for all test conditions was the 
first member of each of the above sets.
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Procedure
All tests took place in the child's nursery school. 
Each child was tested on two of the four possible 
shapes, balancing whether the shape was presented as 
the first or second component of the pair. There 
were therefore twelve possible shape combination 
conditions to which each child could be assigned. 
Boys and girls were assigned to these combinations as 
evenly as possible.
Training Procedure
E a c h  c h i l d  u n d e r w e n t  a h a p t i c
training/familiarization procedure as follows. The 
child was told that he was going to play a game with 
the experimenter. He was shown the response board 
and told that for the duration of the game these were 
his shapes. He was then shown that the experimenter 
had an equivalent set of shapes. His understanding 
of the concept 'same as', and his visual matching 
ability were assessed by showing the child one of the 
experimenter's shapes and asking him to indicate 
which of his was the same shape. The experimenter's 
shape was then placed over the shape indicated by 
the child to check that it was a perfect match. If 
the child's selection was incorrect the situation was 
discussed with him after which this procedure was 
repeated. During this procedure the objects were 
referred to as the big one, middle sized one and
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small one. (Several children drew similarities with 
the three bears story and thereafter referred to 
them, as daddy one, mummy one and baby one.) It was 
explained to the child that the experimenter was 
going to hide one of her shapes in the box (main 
apparatus), he was going to feel the shape with his 
hand and then decide which of his own shapes was the 
same as the one in the box.
As it was a "feeling game" a black cloth was placed 
over the response board. One of the child's hands 
was guided to the stimulus shape and the other hand 
guided under the cloth to feel the three response 
shapes. If the child showed any hesitation he was 
encouraged and shown how to feel the shapes 
particularly with index finger and thumb. The child 
was then requested to feel each shape carefully and 
to place his hand on the shape that in his opinion 
matched the stimulus shape which he was still holding 
in his other hand. When the child had reached his 
decision the cover was removed from the response 
display and the stimulus shape placed next to the 
selected shape. The child was asked if he had 
selected the correct shape. If the child was unsure 
the stimulus shape was placed on top of each of the 
response shapes to clarify the situation. The 
ordering of the shapes on the response board was 
varied after each presentation.
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The criterion for passing to the testing stage of the 
experiment was the correct identification of all 
three objects which comprised each shape set within 
any six consecutive presentations. Training was 
discontinued if the child failed to reach the 
criterion after ten trials with one shape set. The 
training was repeated with the other shape to which 
the child had been assigned. If the criterion was 
reached with both shapes the child immediately began 
the test procedure.
Test Conditions
[V]H-H,[V]H-V, H-H, V-V, [V]-V fully described in 
Appendix 1.
Testing Procedure
The small shape was placed in the box and the 
arrangement of shapes on the response board was 
changed. The child was asked to feel the shape in 
the box and to find under the cloth on the response 
board his own shape that felt the same, just as he 
had done in the training session. The child was then 
asked to stand and to take hold of the shape in the 
box again. Help was given where necessary to ensure 
that the child could both haptically and visually 
explore the object. He was asked to look through the 
aperture at the stimulus object and to explore it
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haptically for approximately five seconds.. While 
retaining hold of the stimulus, but after ceasing to 
look at it the child was required to select from the 
covered response board the object which in his 
opinion matched the stimulus, the response board 
having been placed over the aperture of the box. 
These two test conditions H-H, and [V]H-H were then 
repeated with the other shape to which the child had 
been assigned and trained.
The small object of the first shape set was again 
placed in the box and the child was asked to look at 
it through the aperture but without the lens present. 
He was then shown the appropriate uncovered response 
board and asked to point to, but not to touch, his 
shape that was the same as the one in the box.
The child was then asked to explore the object in the 
box simultaneously visually (with the lens present) 
and haptically for five seconds, after which, whilst 
still holding on to the stimulus, the child was asked 
to look at the response board and to point to his 
shape that was the same as the one in the box.
The child was then asked to look at the shape in the 
box with the lens present, and again to point to the 
one of his shapes which was the same.
These test conditions V-V, [V]H-V, [V]-V were then
repeated within the second assigned shape.
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Following each test condition, the arrangement of 
shapes on the response board was altered. The 
experimenter's shapes were shuffled to feign 
reselection but always the small shape was placed in 
the box as the stimulus shape.- Half of the children 
felt the stimulus shape with their left hand and the 
response shapes with their right and half the 
reverse. Children were encouraged throughout the 
tasks with smiles and comments such as 'well done' 
'that's good'.
Results
In terms of the objective dimensions of the stimulus 
the alternatives available under the test conditions 
permitted the selection of the small medium and large 
objects. The selection of the small (size 1) object 
was correct if a match was being made to the haptic 
information (or to visual information when the lens 
was not present), the selection of the large object 
(size 3) was correct if a match was being made to the 
visual information received via the lens. The 
selection of the medium sized object (size 2) 
indicated a compromise match. This range of 
responses is used in several experiments contained in 
this thesis. Where possible, statistics appropriate 
to an ordinal level of measurement have been used. 
However, where it was necessary to assess interaction 
effects, analysis of variance (ANOVA) techniques were
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used. This was considered justified in the light of 
the acknowledged robustness of the F-test (Winer 
1977) and of the diff i c u l t y  of coping with 
interactions of higher than first order with non­
par ametric statistics.
To determine the extent of the influence of the 
haptic information available in the conflict 
situation when the response modality was visual the 
results of conditions [V]H-V and [Vj-V should be 
compared. Out of the total of 100 response sets, in 
only 9 cases did the response to these two conditions 
vary from the selection of the large (size 3) object. 
It appears therefore that the haptic information 
available in the conflict presentation had no (or 
negligible) effect when the subject's response 
modality was visual.
The ability of subjects to intra-modally match 
independantly both the visual and haptic information 
which will be jointly available in the conflict 
situation is assessed by test conditions [V]-V and 
[H-H]. If the results from these test conditions are 
compared with that from the conflict condition [V]H- 
H the relative influence of the haptic and visual 
information in this situation may be studied. 
Assuming that subjects are accurate in the intra- 
modal matching a scoring pattern of 311 on tests [V]- 
V, H-H and [V]H-H respectively would indicate the 
dominance of the haptic information in the conflict
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situation; whereas a score pattern of 313 would
indicate the dominance of the visual information in
this situation. Figure 2.2, presents the occurrence
rate of the various possible scoring patterns on 
thesé;.. tests:;l indlüÙin^ ' dàtav’îfTom children who completed all
four tests rather than just two (she 'page 97i.; lines 3-5).
Scoring pattern ([V]-V,H-H, [V]H-H) % of decisions showing this scoring pattern
313 54
323 13
212 10
311 3
211 2
123 9
Other 9
Figure 2.2 Frequency of occurrence of scoring patterns
From figure 2.2 it may be seen that of the 100 
response sets 54% show total dominance (scoring 
pattern 313) by the visual information in the 
conflict situation, whereas only 3% show total 
dominance by the haptic information in the conflict 
condition (scoring pattern 311). Scoring patterns of 
323 and 212 indicate a visual bias with respect to 
the conflict condition and 211 an equivalent haptic 
bias. In this study therefore 77% of subjects are 
showing visual bias as opposed to only 5% showing 
haptic bias. These results indicate that under test
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condition many children were selecting a
match for the stimulus object on a purely visual 
basis.
Discussion
Most children did not experience any particular 
difficulty in performing the task and appeared to 
enjoy doing it. Indeed a few children begged, and 
since this was only a pilot study were allowed, to do 
all four shape combinations.
Despite all efforts to bias the experiment towards 
producing a haptic judgement, in the discrepancy 
conditions most children were making judgements 
solely on a visual basis. However the large number 
of random judgements (i.e. scoring patterns of 1 2 3, 
1 3  2, etc.) suggests that the criterion to pass from 
the training to the test phase of the experiment 
should be tightened.
Due to the small number of subjects in each cell of 
this exper imentQ.1 design, it was difficult to 
establish whether shape was having any effect on 
decisions or whether the conflict conditions were 
being affected by being made with respect to the 
first or second object. Since the children had 
apparently enjoyed the tasks it was decided that 
subjects should be asked to make judgements with 
respect to all four shapes in the main experiment.
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Although the haptic information was always available 
to the children, it appears from the scoring patterns 
that they frequently made their decisions in the test 
condition [V]H-H solely on the basis of the visual 
information since their judgements correspond to the 
visual information alone. This action required them 
to make a cross-modal V-H decision rather than an 
intra-modal H-H decision. It would therefore be 
advantageous to include in the experiment a measure 
of each child's inter/intra-modal ability; their 
relative abilities on these tasks may in some part 
account for their actions in the discrepancy 
condition.
The actions and comments of the children engaged in 
the training procedures involving haptic responses 
suggested that they were not approaching the task in 
the manner anticipated by the experimenter. It had 
been presumed that the children would feel the 
stimulus object and compare it with each possible 
response object and would then decide which was a 
match. However the strategy adopted by many children 
appeared to be to feel the stimulus object and to 
make a decision concerning which of the three 
possible objects it was on the basis of his memory of 
these objects. The child then felt along his own set 
of objects until he found the preselected shape. At 
this juncture he either indicated his decision or 
felt the stimulus object again before committing 
himself.
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There were two particular action or comment sequences
which led to this conclusion about their strategy.
1) At the beginning of each decision activity one 
of the child's hands would be on the stimulus 
object and the other on the objects of the 
covered response board. The hand on the 
response board would appear to be ignored. 
This hand made no action and the child did not 
look at it. He looked only towards the hand 
that was exploring the stimulus object. The 
child would then say "it's the big/middle/small 
one". His direction of gaze would then change, 
now to be directed towards the hand which would 
begin to explore the objects under the response 
board cover. Although one hand remained on the 
stimulus object, gaze (and with it attention) 
would not be redirected to this hand unless 
the child ,checked the stimulus shape before 
declaring his decision.
2) On a few occasions when the response board 
was uncovered the child exclaimed "oh its not 
that one" i.e. the one he was holding to 
indicate his selection, "It's the big/middle/small 
one". On the occasions that this occurred, this 
statement of the child was always correct. In 
these instances it appears that the child's mental 
choice had been correct but the child had 
subsequently been unable to manually pick out his
99
selected object.
From the results of this pilot study and the 
behaviour of the children during this study the 
following hypothesis concerning the children's 
strategy and decision process is proposed. As a 
result of the training procedure, the child has a 
memory/mental image of the response board and 
therefore of the three possible objects that could be 
used as stimuli. The child therefore felt the object 
and compared it with his memory of the possible 
objects, and identified the stimulus from this source 
of information. The object was then named for 
example 'daddy one/ large one' depending on the 
child's system. The response board was then searched 
for the required object. Occasionally the child was 
unsuccessful in identifying the required object on 
the response board even though he had correctly 
identified the^stimulus object; this resulted in the 
exclamations described in section 2 above.
Having successfully used this procedure with the 
haptic matching, it is likely that it would be 
carried over into the discrepancy situation except 
that in the discrepancy condition categorisation 
might take place on the instantly available visual 
information rather than the haptic information.
On the basis of these observations it is proposed 
that the children's strategy in test condition
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[V]H-H, in some cases mediated by language, is as 
follows :-
The child develops a visual representation of 
the stimulus object which he then compares to his 
visual memory of the response board (since 
the haptic training procedure involved all 
the possible response objects, they had all 
been seen by the subject before any tests were 
made). The child then either
a) used a label for this decision (i.e. 
small/me d i urn/large) and attempted to 
identify his selection from the response 
board in terms of the label
or
b) developed a visual representation for 
each of the response objects until he 
found one that matched his visual 
representation of the stimulus object.
This proposal is developed further in chapter 7 where 
the implications of its adoption for the nature of 
intermodal organisation are also discussed.
It is likely that two features of the experimental 
design encouraged the use of this strategy -
1) the naming of the objects
2) allowing the children to see the objects 
before the task.
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It was felt that preschool children could neither 
receive adequate explanations and therefore 
understanding of the task, nor establish adequate 
haptic matching ability if they were unable to see 
the objects before the task. Any subsequent studies 
with other subjects however should bear this point in 
mind.
In subsequent studies, naming of objects could be 
studiously avoided, however it would be valuable to 
explore whether this naming strategy was being 
adopted and if it was whether in so doing the 
children were changing from the use of an absolute to 
a relative code. To name the shape which, from his 
memory of the shapes on the response board, matches 
the stimulus shape, the subject must adopt an 
absolute code. That is he must decide that the 
stimu l u s  shape is a match to either the 
small/medium/large shape on the response board. At 
this stage, if the stimulus object is called the 
large one it is classified as being the same size as 
the large object on the response board. i.e. an 
absolute code is used. It is possible, that having 
made this absolute comparison, the child then merely 
uses the label that he has ascribed to the stimulus 
object for future comparisons rather than using both 
the label and the stimulus dimensions, i.e. he adopts 
a relative code. If the child behaves as is being 
suggested, when he is required to select the match to 
the stimulus object from the actual response board he
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will select the object related to his label 
regardless of the actual size of the object.
He will therefore be using a relative code and 
selecting the largest object rather than retaining 
his absolute code and selecting an object of the same 
size as that to which he ascribed the label 'large'.
These proposals were explored in a small study using 
the apparatus and training procedures described in 
the pilot experiment.
3. EXPERIMENT lA
There were a few changes to the test procedures which 
had been used in the pilot study, the most important 
of which was the surreptitious change of a response 
object between the training and test procedure.
Apparatus Changes
1. Only the square shape set was used
2. A further response shape, a rectangle 1" x 2" 
was made and mounted in the same way as 
the other response shapes. The training 
response board contained the objects as for 
the pilot study (1"xl", 1"xl.25", 1"xl.5")
whereas the test response board contained 
objects d"xl", l"xl. 5", l"x2") mounted in the 
same way as on the training board. Thus the 
object on the training board which the child
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named 'large* became the 'middle sized' object 
on the response board.
Subjects
Twenty children from one of the nursery schools used 
in the pilot study but who attended on a different 
day, mean age 4 yrs 8 months. Five were excluded for 
not reaching the training criterion.
Training Procedure
Each child was trained as in the pilot study on the 
original square shape set. The criterion for passing 
to the test phase was tightened to the correct 
identification of the three shapes in the set within 
four successive presentations. The naming strategy 
was encouraged by asking the child to name each of 
his selections.
Test Procedure
The children made two judgements under test 
conditions. These were similar to the haptic-haptic 
H-H and visual/haptic-haptic [V]H-H judgements used 
in the pilot study. The H-H judgements were made 
using the 1 "xl. 5 " object as the stimulus, while the 
stimulus for the [V]H-H judgement was the 1 "xl" 
object used in the pilot study.
While rearranging the objects on the response board
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between the training and test conditions another 
object (l'*x2"), w h ich had been kept in the 
experimenter's pocket, was placed in the response 
board and the (1"x1. 2 5 " ) object removed to the 
pocket. This exchange passed unnoticed by all 
children. The H-H and [V]H-H test procedures were 
thereafter the same as < those used in the pilot study 
except that the experimenter looked under the cloth 
to note the child's selection. The child was, 
therefore, unable to see the response objects at any 
time during the testing phase of the task.
Results
Of the fifteen children who entered the test phase of 
the study
4 children selected the l"xl.5" object) in the) H-H11 children selected the 1 "x2"object) test
Three of the four children who selected the 1 "xl. 5" 
object commented that the response objects were 
different. Of these three children, two selected the 
same object i.e. 1 "xl. 5 " object in the [ V]H-H test, 
and one selected the 1"x1" response object in this 
condition. The child who did not comment on the 
changed response objects and one child who had 
selected a l"x2" response to the 1"xl.5" stimulus 
object in the H-H task chose a 1"xl.5" response to 
the l"xl" stimulus in the [V]H-H test. The remaining 
ten children chose a l"x2" response to the [V]H-H 
test.
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These results are summarised in Figure 2,3.
ResponseObjects 1 x 1
H-H Response 
1 X  1.5 1 x 2 TOTAL
1 x 1 0 1* 0 1
[V]H-H 1 X  1.5 0 3** 1 4Response 1 x 2 0 0 10 10
TOTAL 0 4 11 15
* commented 
** 2 of these commented
Figure 2.3 Comparison of H-H and [V]H-H responses
11 of the 15 children (73%) selected the 1" x 2" 
object as a haptic match to the 1" x 1.5" stimulus 
object in the H-H test procedure having previously 
been accurate in selecting a match for this stimulus. 
The hypothesis is substantiated that the children 
assigned a label to the stimulus object absolutely 
and then used the label in a relative fashion. Of 
the 14 children who showed visual bias in the [V]H-H 
test, 11 (79%) selected an object larger than the
stimulus appeared either visually or haptically.
Therefore 73% of the children used a relative code in 
the final stage of the H-H task and of the fourteen 
children showing visual bias 71% used a relative code 
in the final stage of the [V]H-H test.
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Conclusion
This result suggests that where labels are encouraged 
for the objects, the decisions of most children are 
mediated by language. These results also suggest 
that having identified the stimulus object and 
assigned a label to it, the absolute judgement 
necessary to assign the label is 'put to one side' 
and the label small/middle/bi g one is applied to the 
response board in a relative fashion.
It should be noted that tightening the criterion for 
passing to the test phase of the study did not 
decrease the incidence of visual bias. However the 
children's use of an absolute/relative labelling 
procedure clouds this issue and the ability to draw 
basic conclusions concerning the nature of intermodal 
organisation might be confounded by the use of 
labels. Indeed the visual biasing demonstrated by 
the children In the pilot study may be an artifact 
induced by the mediation of language
Summary
1. Contradictory results have been published by 
previous authors on the reactions of children to 
dis c r e p a n t  visual and haptic information. 
Methodological issues which might underie these 
contradictions have been discussed.
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2. Issues arising from a review of theories and 
research studies that should affect the 
experimental design have also been discussed.
3. An experimental design has been proposed that 
attempts to maximise the haptic information 
available to subjects, to ascertain whether visual 
biasing occurrs in such a situation.
4. The experimental design has been piloted 
using preschool children as subjects. As a 
result of this pilot study some procedural changes 
have been proposed.
5. The children's actions and comments during the 
pilot study suggest that they were not using 
the anticipated strategy. A strategy mediated by 
language that might account for their 
behaviour has been proposed and validated by a 
small study.. This study confirmed the need
  for some procedural changes in a full study.
6. It is recognised that the extent of visual bias dis­
played by subjects may have been influenced by the 
response set being limited to three items.
response set was chosen to facilitate t h e ' t h i s
experimental design with very young chiIdreh and 
retained with adult subjects to enable a direct
these two age groups 
the existence of 
primary interest of this thesis is in 
why this phèndmenon occurs rather:; than its precise
magnitude. The retention of the limited response set
<î-
was therefore deemed acceptable.
CHAPTER 3 : VISUAL BIAS OF PRESCHOOL CHILDREN
EXPERIMENT 2
Introduction
An experimental design to test the judgements of 
subjects in situations of conflicting visual and haptic 
information has been piloted. The experiment was 
designed so that if visual bias was demonstrated it 
could not be explained purely in terms of restricted 
haptic information, particular emphasis being placed on 
the collection and retention of haptic information. 
Behaviour of subjects during the pilot study and 
analysis of their judgements suggested that some small 
changes were needed to the experimental design before 
unambiguous conclusions could be drawn. These changes 
were made to the design, which then formed the basis of 
the study reported in this chapter.
Subjects
45 children, none of whom had been subjects in the pilot 
studies, were recruited for this study from three 
nursery schools age range 2 years 5 months to 5 years 0 
months, mean age 4 years 0 months. Data from thirteen 
of these children was excluded from the analysis due to 
failure of these children to reach the training 
criterion on the first shape (8 instances) or their only 
attaining the training criterion on less than four
subjects and frequency of exclusion from the . .
experiment.
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Apparatus and Test Materials
These were identical to those used in the pilot study: 
experiment 1.
Procedure
Each child was tested individually on four occasions, 
one week apart. On each occasion the child was tested 
on a different shape set, therefore after four test 
sessions each child had been tested with respect to 
circular, square, diamond and triangular shapes. The 
order of presentation of the shapes was balanced across 
children by dividing the subjects into four groups who 
were then tested on the following sequences:
Group Group Group Group1 2 3 4
Week 1 o □ O A
Week 2 O o A □
Week 3 □ A O O
Week 4 A o □ o
Training Procedure
E a c h  c h i l d  r e c e i v e d  t h e  s a m e  h a p t i c
training/familiarisation procedure used in the pilot 
experiment except for two changes
1) Descriptive vocabulary such as big, middle 
sized, small was studiously avoided by the 
experimenter (and introduced only rarely by 
the children themselves).
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2) The criterion for passing to the testing 
stages of the experiment was the correct 
identification of each of the three shapes in 
each shape set wit h i n  four successive 
presentations.
Training was discontinued if the child failed 
to reach the criterion after ten trials. 
Having successfully completed the training 
session, the child immediately commenced the 
test conditions.
Test Conditions
[V]H-H, V-H, H-H, H-V, [V]H-V, V-V, [V]-V fully 
described in Appendix 1.
Testing Procedure
The testing procédure was very similar to that used in 
the pilot study. More test conditions were included and 
each child was only tested on one shape set on each 
occasion. The arrangement of shapes on the response 
boards was altered between each test conditions. In all 
cases' the stimulus presented was the smallest shape but 
between test conditions this object was removed from its 
location and the objects shuffled so that the subject 
was unaware that it was the same object that was the 
stimulus for each test condition.
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since the children find the haptic responses more 
difficult than visual responses, it was decided to 
present all the haptic response conditions first for all 
children, to avoid fatigue and frustration later. The 
children therefore received test conditions V-H, [V]H-H, 
H-H (balanced across children) followed by test 
conditions H-V, [V]H-V, [V]-V, V-V (balanced across
children). This arrangement produced a simpler response 
requirement for the child than if all seven conditions 
had been randomized.
Results
To test whether the order of presentation of the four 
shape sets significantly affected the decisions made by 
the children, chi-square tests were applied to the 
children's decisions. No significant (p=.05) effect was 
found for any shape with respect to any of the decisions 
made by the children and this result also shows that the 
magnitude of visual bias did not change with successive 
presentations of the conflict conditions [V]H-H, or 
[V]H-V.
Since the response alternatives available to the subject 
were the same as—those available in the McGurk and Power 
(1980) study, it was decided to use the same scoring 
procedure to facilitate comparison of results between 
the two studies. Therefore a score of 1 was assigned to 
a match to haptic information or a match to visual 
information undistorted by a lens, 2 was assigned to an
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intermediate match and 3 to a match made to visual 
information received via the lens. Figure 3.1 indicates 
the median, mean and modal scores for each test 
condition across shape.
Square Circle
TestCondition
TestCondition
TestCondition
[v ]-v
median
3
mode
3
mean
2.84 [v)-v
median
3
mode
3
mean
2.91
V-V 1 1 1.03 ' V-V 1 1 1.00
H-H 1 1 1.53 H-H 1 1 1.50
V-H 1 1 1.46 V-H 1 1 1.40
H-V 2 1 1.90 H-V 1 1 1.59
[V]H-H 3 3 2.63 [V]H-H 3 3 2.25
[V]H-V 3 3 2.63 [V]H-V 3 3 2.38
Triangle Diamond
TestCondition
[v ]-v
median
3
mode
3
. mean 
2.94 [v]-v
median
3
mode
3
mean
2.94
V-V 1 1 1.06 V-V 1 1 1.06
H-H 1 1 1.66 H-H 1 1 1.31
V-H 1 1 1.40 V-H 1 1 1.56
H-V 1 1 1.71 H-V 1 1 1.50
[V]H-H 3 3 2.38 [V]H-H 2 3 2.13
[V]H-V 3 3 2.78 [V]H-V 3 3 2.56
Figures. 1 Mean, Median and Modal ResponsesFor EachTest Condition
From figure 3.1 it may be seen that both tests of intra- 
modal visual matching ([V]-V, V-V) produced more 
accurate judgements and less individual variation in 
result than any other test decision. This result is as 
would be expected with preschool children (Jones 1981). 
To determine whether the children had equivalent 
ability, in terms of their accuracy, to perform the 
conditions V-H, H-H, H-V, a Friedman two-way analysis of 
variance was conducted on their scores. No significant 
(p>.05) difference was revealed. This suggests that the 
H-H training procedure had improved the children's 
haptic matching ability, since typically preschool 
children's intra-modal haptic matching is worse than 
intermodal visual-haptic matching (Jones 1981).
During testing it was clear that individual children had 
difficulty with specific shape sets. To test whether 
overall the shape of the objects had affected the number 
of trials required to reach the criterion to proceed 
from the H-H training to the test phase of the task, a 
Friedman two-way analysis of variance was conducted on 
these scores. No significant (p>.05) difference was 
found in the number of trials required to reach 
criterion for a specific shape. A similar analysis for 
the effect of shape on each test decision also revealed 
no significant (p>.05) effect for shape on any test 
condition. Equally the same statistical procedure 
showed no significant effect (p>.05) for the order in 
which test conditions were undertaken.
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From figure 3.1 it may be seen that the modal scores for 
test conditions [ V] -V, H-H [V]H-H were 3, 1, 3
respectively, illustrating that under the discrepancy 
condition ([V]H-H) the selection of most children was 
the same as that made on a purely visual basis (CV]-V).
To check whether this result was also occuring on an 
individual as well as a group basis and for all shape 
sets, a Friedman two-way analysis of variance was 
carried out on the scores from the [V]-V, H-H, and [V]H- 
H, tests. Results of these tests gave
Triangle X-(2) = 30.4
Square (2) = 31.6
Diamond (2) = 34.5
Circle PC{2) = 39
where = 13.2
critical p =.01, df=2
Each child (total 32) made the [V]-V, H-H, [V]H-H test 
decisions with respect to four shape sets. Of the 
resulting 128 decisions, 41 had a 3, 1, 3 scoring
pattern and 24 either a 3, 2, 3 or 2, 1, 2 scoring
pattern. Therefore half of the decisions made by the 
children showed clear visual bias. There were 18 
instances of haptic dominance, 16 demonstrating a 1, 1,
3 pattern of scores and 2 demonstrating a 1, 1, 2
scoring pattern. These haptic dominance score patterns 
were shown by 12 children, 7 of whom showed haptic
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dominance for only one of their four decisions in the 
discrepancy condition. Four children made two such 
decisions and 1 child showed haptic dominance in 3 out 
of 4 discrepancy decisions.
It may be argued that children experience difficulty in 
making intermodal matches (e.g. Birch and Lefford 
1963). A comparison should therefore be made of 
judgements on test conditions H-V and [V]H-V to 
determine whether the visual information received in the 
discrepancy condition is significantly affecting the 
H-V component of this task. A Wilcoxon matched-pairs 
signed ranks test (hereafter referred to as a Wilcoxon 
test) showed that scores obtained on test condition 
[V]H-V were significantly higher than scores on the H-V 
condition (Z = 4.65, p<.001). There is therefore a
highly significant difference in the child's ability to 
visually match haptic information when conflicting 
visual information is present rather than absent. 
Children more accurately matched the haptic information 
in the H-V test condition than in the [V]H-V condition.
By comparing the accuracy with which the visual 
information is matched in test conditions V-H and [V]H-H 
it is possible to assess the significance of the 
availability of the haptic information in the conflict 
condition [V]H-H. A Wilcoxon test was applied to these 
scores giving Z = 2.06, p=0.18. There was therefore no 
significant difference in the ability to haptically 
match the visual information in these two test
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conditions. It may therefore be concluded that the 
haptic information available in the conflict condition 
[V]H“H was not significantly affecting the matching 
decision.
However, despite the median and modal scores being the 
same, a significant difference exists between the 
children's scores when visually matching to
a) visual information received via the lens [V]-V
b) the visual haptic discrepancy presentation [V]H-V
A Wilcoxon test showed that significantly more subjects 
scored 3 on the [V]-V test than on the [V]H-V test. 
(Z = 3.82 p <. 001). The haptic information in the
discrepancy condition is, therefore, attended to and 
acted upon.
Discussion
The purpose of this study was to establish whether 
visual dominance or biasing of young children's haptic 
judgements does occur and if it occurs that it should 
not be possible to explain its occurrence purely in 
terms of the haptic information being restricted, 
malattended or poorly retained in memory.
Every opportunity was taken to encourage attention to 
the haptic information and to limit the demand on haptic 
memory. The child felt the object before he saw it, and 
visual information was limited to five seconds during 
the presentation phase of the test, whilst the haptic
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information was available throughout the presentation 
and response phases of the test.
Despite identical median and modal scores on the tests 
involving visual matching of
a) visual information received via the lens, [V]-V 
and b) visual-haptic information received in the 
discrepancy condition, [V]H-V 
there is considerably more variation in the scores with 
respect to the discrepancy presentation and a highly 
significant (p<.001) difference between these two sets of 
test scores. This suggests that the haptic information 
is being picked up and is influencing the children's 
decisions on the [V]H-V test. However, in spite of the 
emphasis on the haptic information, there is no 
significant difference (p=0.2) between the children's 
ability to haptically match visual information received
a) directly, and b) in conjunction with discrepant 
haptic information. It must be concluded that in most 
circumstances, for most children, the haptic information 
is not significantly influencing the child's judgements 
on the [V]H-H test and therefore that, in general, 
preschool children are visually biased in judgements of 
this nature.
Since there is no significant difference between the 
ability of these subjects to perform test conditions 
V-H, H-H and H-V, visual biasing cannot be occurring 
because it is easier for the children to make a visual- 
haptic judgement than a haptic-haptic judgement.
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There is however less visual bias displayed by the 
children in this study than those in the McGurk & Power 
(1980) study. Of the 19 discrepancy judgements made by 
the children in the McGurk & Power (1980) study, 84% 
demonstrated visual bias, whereas only 51% of the 128 
decisions in the present study were visually biased. 
The main difference between the two studies was the 
unrestricted access that the children had in the present 
study to the haptic information both in terms of the 
availability of the stimulus object, and exploration 
being direct and not via a cloth. This free access to 
the haptic information also entailed the child being 
able to see his hand distorted by the lens as he 
explored the stimulus object. All three concomitant 
aspects of this difference might be expected to increase 
the power of the haptic information to the child and 
therefore decrease visual bias.
With regard to the training procedure, training only 
took place in the present study for intra-modal haptic 
matches rather than for each test condition as was the 
case in the McGurk and Power (1980) study. This change 
might also be expected to increase attention to the 
haptic information and therefore to decrease visual 
bias. Training on all of the possible response objects, 
in this study rather than just the rectangular ones 
which would favour a rectangular and therefore visual 
response, will also have eliminated any possible bias 
resulting from the McGurk and Power (1980) training
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procedure.
This study clearly demonstrates that preschool children 
are visually biased in their haptic judgements and 
therefore supports the McGurk and Power (1980) claim 
that preschool children are visually biased rather than 
the Page & Locke (1977) claim that they are not.
While it is known that adults demonstrate strong visual 
bias in situations where the haptic information pick up 
may be described as restricted, their reaction in a 
situation of free access to the haptic information is 
unknown, as are the developmental patterns in visual 
bias between preschool age. and adulthood. These issues 
are the topic of the next chapter.
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CHAPTER 4 : EFFECT OF AGE ON VISUAL BIAS
EXPERIMENT 3
INTRODUCTION
In the previous chapter it has been demonstrated that 
preschool children are visually biased when making 
haptic judgements under visual-haptic discrepancy 
conditions. Discussions of the intermodal organisation 
of the visual and haptic modalities, which attempt to 
draw on the results of conflict paradigm studies,, 
frequently criticise these studies and/or undervalue 
their results for a variety of reasons, discussed fully 
in the introduction to Chapter 2. The major criticisms 
concern
a) the restricted and potentially devalued nature of 
the haptic information available in these 
experiments
and
b) the memory and attention problems with respect to 
the haptic information that this paradigm induces.
In an attempt to meet and overcome these criticisms 
numerous changes have been made to the basic design of 
the visual-haptic discrepancy paradigm as used by Rock & 
Victor , (1964);
i) subjects explored the stimulus objects directly 
(unimpeded by a cloth).
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ii) the haptic information remained available 
throughout the response phase of the task, 
although visual information was restricted to a 5 
second inspection period.
iii) subjects were required to make judgements with 
respect to four different stimulus objects rather 
than only one as in most previous studies and in 
all studies involving children (McGurk & Power 
1980, Page & Locke 1977, Power & Graham 1976).
Despite these changes, which might have been expected to 
influence subjects towards haptic rather than visual 
bias in the discrepancy condition, 50% of the judgements 
of the preschool children demonstrated clear visual 
dominance. Adults are known to demonstrate strong 
visual bias in the basic discrepancy paradigm (Rock & 
Victor 1964) and adults and children react similarly 
when their hand is visible during haptic exploration of 
the object in the discrepancy condition (Power 1980). 
The effect of the continuous ly available direct haptic 
information, with its minimal load on memory, on the 
judgements of adults and school aged children is however 
unknown. It was therefore decided to repeat experiment 
2 with a limited number of changes, with four older 
groups of subjects to explore any developmental changes 
which might exist in visual bias.
In this set of studies it was decided not to train the 
subjects on any of the tasks they were to perform under
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test conditions, nor to allow them to see the response 
objects until after they had made all the judgements to 
be made under the discrepancy conditions. The purpose 
of training is to ensure that subjects understand the 
task and are able to carry out the instructions. In the 
present circumstance it was decided that careful 
instruction and exposure to all of the apparatus 
including objects similar to those used in the 
experiment would reduce the risk of misunderstandings to 
a minimum. It was hoped in this way to counteract the 
strategy (discussed in chapter 2)in which subjects 
categorize the stimulus by comparison with their memory 
of the response objects and then select the appropriate 
object from the response board, rather than comparing 
the stimulus object with each object on the response 
board.
Subjects
Twenty subjects were drawn from each of four groups, 
equal numbers of males and females constituted each 
group.
Group 1 First form children from a first school 
age range 5 years 6 months to 6 years 5 
months mean age 6 years 0 months.
Group 2 First form children from a middle school 
age range 8 years 6 months to 9 years 9 
months mean age 9 years 4 months.
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Group 3 Final year children from a middle school 
age range 11 years 9 months to 12 years 
10 months mean age 12 years 5 months.
Group 4 Adult neighbours of the experimenter.
Apparatus
The apparatus was a slightly modified version of that 
used for experiments* 1 and 2. The modification involved 
the replacement of the dowels having non-symmetrical 
pins which located the stimulus in the box by dowels of 
D-shaped cross-section. These D-shaped dowels still 
located in a wooden block which was fixed centrally to 
the floor of the box. All dimensions and distances 
between lens and object etc. remained the same.
Test Materials
As for experiments 1 and 2.
Method
Subjects were individually tested in quiet surroundings 
free from other distractions.
Subjects were informed that there were four sets of 
objects, each set comprising two identical groups of 
objects, one group to be retained by the experimenter 
and the other to be mounted on a board so that each 
object could be explored indivually. Subjects would be 
asked to look at, feel, or simultaneously to look at and
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feel, one of the experimenter's set of objects which 
would be mounted in the box. The subject's task was 
then to select a match for this object from the set of 
three on the response board. The subject was told that 
he was to feel each of the objects at least once before 
deciding which was a match to the stimulus object - he 
could however feel the objects in any order and as often 
as he required. Subjects were shown a 2" circular piece 
of plexiglass mounted in the same fashion as the objects 
to be used in the tests. They were told that although 
the size and shape of the objects would vary this was 
typical of the objects they would encounter in the
tests. Test conditions were undertaken in a fixed
order.
1. Test condition [V]H-H
2. Test condition V-H
3. Test condition H-H
were undertaken for each shape set of objects, followed 
by
4. Test condition H-V
5. Test condition [V]H-V
for each shape set of objects presented in the same 
order as for test conditions 1 - 3 .  The sequence of 
presentation of the shape sets was randomized across 
subjects in each group. All haptic response conditions 
were presented first, since these are usually considered
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the most difficult. It was hoped in this way to 
minimise fatigue and frustration later in the 
experiment. Test condition [V]H-H was given first so 
that the subjects had no knowledge of the response set 
when they were processing the discrepant visual-haptic 
information presented in this condition. Subjects would 
not the^refore be encouraged towards a particular 
processing strategy in the discrepancy condition by 
prior knowledge of the objects.
Any subject who showed any reticence or difficulty in 
exploring the object was encouraged and helped to place 
his hand under the cloth covering the response objects 
or onto the stimulus object in the main apparatus box as 
was appropriate. Subjects were not informed if their 
selections were correct but after each selection the 
experimenter made encouraging but neutral gestures - 
smiling and/or saying 'good' or 'well done'.
The arrangement of the shapes on the response board was 
altered after each condition. In all cases the stimulus 
presented in the test conditions was the smallest object 
in each shape set i.e. 1" side square, 1" diameter 
circle, 1" side equilateral triangle, 1" side 9 0° 
equilateral diamond. However, so that subjects were 
unaware of this fact, the stimulus object was removed 
from its position after each condition and the objects 
shuffled around as if a new object was being sought. 
The stimulus object would then be replaced.
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Results and Discussion
For the purposes of analysis a value of 3 was assigned 
to a match to visual information received through the 
lens, 1 to a match to the haptic information, or visual 
information not received via the lens and 2 to a 
compromise match.
To assess the effect of the factors age, sex and the 
sh ape of the o b j e c t  sets on the s u b j e c t s  
accuracy in the various test conditions a 4 (age) x 2 
(sex) X 4 (shape) analysis of variance (ANOVA) was 
carried out for each test condition decision. Age and 
sex are between-subject variables whereas shape is a 
within-subject variable.
All judgements were found to vary significantly with 
shape. However, the variable age was only significant 
with respect to the discrepancy test conditions [V]H-H 
and [V]H-V. Sex was only a significant factor with 
respect to H-H judgements. Interactions were found for 
[V]H-H, [V]H-V test conditions. Tables of mean values 
are given in figures 4.1-4.5. Summary ANOVA tables are 
given in Appendix 2.
The results are now considered by test condition. Since 
the H-H test condition is the fundamental control 
condition results of this test are presented first. 
Results from the two discrepancy conditions [V]H-H and 
[V]H-V follow together with a discussion of the relative 
effect of response modality. Results from control
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condition V-H and H-V are given last.
age circular square diamond triangular
6 1.3 1.2 1.6 1.4
9 1.2. 1.5 1.5 1.3
12 1.2 1.4 1.3 1.4
adult 1.1 1.3 1.4 1.6
sex
male 1.1 1.3 1.4 1.3
female 1.3 1.5 1.5 1.7
Figure 4.1 Mean values by age for test condition , sex and H-H shape set
age circular square diamond triangular
6 2.3 2.6 2.5 2.6
9 2.0 2.0 2.1 2.1
12 1.9 1.9 2.1 2.4
adult 1.7 1.6 2.0 2.3
sex
male 2.0 2.2 2.2 2.2
female Z. 0 1.9 2.2 2.4
Figure 4.2 Mean values by age for test condition
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, sex and [V]H-H shape set
age circular square diamond triangular
6 2.8 3.0 2.9 3.0
9 2.6 2.6 2.6 2. 6
12 2.2 2.3 2.5 2.4
adult 2.2 2.6 2.5 2.4
sex
male 2.4 2.6 2.5 2.6
female 2.4 2. 6 2.7 2.6
Figure 4.3 Mean values by age for test condition , sex and [V]H-V. shape set
age circular square diamond triangular
6 1.0 1.1 1.4 1.4
9 1.0 1.0 1.1 1.0
12 1.0 1.1 1.1 1.2
adult 1.0 1.3 1.0 1.1
sex
male 1.0 1.2 1.1 1.2
female 1.0 1.1 1.2 1.2
Figure 4.4 Mean values by age, sex and shape set for test condition V-H.
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age circular square diamond triangular
6 1.4 1.4 1.6 1.8
9 1.3 1.9 1.7 1.9
12 1.4 1.6 1.6 1.5
adult 1.2 1.4 1.7 1.7
sex
male 1.3 1.5 1.7 1. 7
female 1.9 1.7 1.7 1.8
Figure 4.5 Mean values by age for test condition , sex and H-V shape set
Test Condition H-H
Age was not found to be a significant factor in 
subjects* ability to perform haptic-haptic matches. 
These was surprising since the mean age of the youngest 
subject group was 6 years and young children are 
frequently reported (e.g. Abravanel 1972 > Rude-1 and 
Teuber 1964) to find this task exceedingly difficult. 
However, sex was a significant f a c t o r y g  “ 6.13, 
p<.0sj in this decision, analysis of means indicating 
that males were more accurate than females with respect 
to all the stimulus shapes used. The shape factor was 
significant (^F3^ 216 ” 5.13, p<.0l)with circles being the 
easiest shape to match accurately followed by squares 
with diamonds and triangles being found equally 
difficult.
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Test Condition [V]H-H
Age was found to be a significant factor (f ^ -72 ” 4.13,
p<.0l) with the level of visual bias decreasing with 
increasing age. The object shape was also found to 
significantly affect the decision (f  ^ = 4.97, p<.00l)
analysis of mean scores showing that visual bias 
decreased in the following order of shape; triangle, 
diamond, square, circle. This order is the reverse of 
that for haptic accuracy: that is the shape which was 
most frequently matched haptically was that on which 
haptic judgements were least likely to be visually 
biased.
One interaction effect, sex by shape, reached
significance(^F = 2.67, p < .05^ analysis of means3,216
shows that while males are more visually biased than 
females with respect to circles, square and diamonds, 
the situation is/reversed with respect to triangles.
While the subject's decision in this test condition 
reveals whether he is matching, at that moment, to his 
haptic, to his visual or to compromise information, it 
is important to relate that directly to his haptic 
matching ability. Therefore a value was compu ted for 
scores on test condition CV]H-H minus test condition 
H-H. A 4 (age) x 2 (sex) x 4(s h a p e ) analysis of 
variance was conducted on these scores. Age was still a 
significant factor(p^ = 3.65, p<.05^  with the youngest
subjects exhibiting the highest scores i.e. being most
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likely to show visual bias, with adults having the 
■ lowest mean score.
Test Condition [VjH-V
The age of the subject again significantly affects his 
decision on this test condition. yg ~ 4.36, p< .0l) 
with the youngest subject group showing most visual 
bias, but with 12 year old subjects showing marginally 
less bias than the adult subjects; mean scores being 
2.9, 2.6, 2.3 and 2.4 for the age groups from youngest
to oldest respectively.
The effect of the object shape on the decision 
approached the p = .05 significance level 2ie ~ 2.6^ 
with the lowest visual bias being shown with the 
circular stimulus i.e. that shape which was accurately 
identified more frequently than other shapes in the 
H-H test.
One interaction, age by sex, reached significance 
3,72 ~ 3.3, p< .05^ analysis of means showing that
there is no difference in performance between the males 
and females of group 1. Group 2 females however give 
more visually biased decisions than males, while group 3 
and 4 male subjects are more visually biased than their 
female counterparts. The only other test condition in 
which sex had any significant effect was the H-H test; 
in this condition females were consistently less 
accurate than males across all ages. Previously 
p u b l i s h e d  research data does not discuss sex
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differences. The author can offer no explanation of the 
pattern of results with respect to sex differences in 
this study.
While as in the case of test condition [V]H-H, the 
subject's decision in this test condition reveals 
whether he is matching at that moment to his haptic, to 
his visual or to compromise information, it is important 
to relate that directly to his haptic matching ability. 
Therefore a value was computed for scores on test 
condition [VjH-V minus test condition H-H for each 
shape and each subject. A 4 (age) x 2 (sex) x 4 (shape) 
analysis of variance shows that age has a significant 
effect on subjects' decisions (fg yg = 3.14, p< = .05}with 
the youngest subjects, as in the [V]H-H test condition, 
showing the highest scores i.e. being the most likely 
age group to display visual bias.
Effect of Modality of Response on Visual Bias
To analyse how the modality of response affected 
subject's susceptibility to visual bias, a 2 (sex) x 4 
(age) x 2 (response modality) x 4 (shape) ANOVA was 
carried out, with response modality and shape as within 
subject variables, age and sex being between subject 
variables. Of the main effects age(Pg yg = 5.37, p<.0l') 
response modality (Pi 7^2 - 47.04, p<.00l) and shape
(F3 210 “ 5.56, p<.00l) reached significance.
Of the possible interactions, only the age by sex by
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response modality interaction reached significance. The 
interaction effect primarily reflects inconsistent sex 
and age differences under haptic and visual response 
modes. The general pattern of results, as indicated by 
the significant main effects for age, modality and 
shape, is clearly reflected in the data presented in 
Figure 4.6.
For all ages, shapes, and sexes, visual responses were 
more visually biased than were haptic responses. For 
both sexes visual bias in general decreased with 
increasing age.
[V]H-•H [V]H-V
Approx. age Males Females Males Femalesgroup in years ■
6 103 98 116 116
9 90 84 92 116
12 81 88 92 95
adult 76 78 106 91
Figure 4.6 Total scores for each age group bysex and test condition.
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Test Conditions V-H and H-V
Only the shape factor significantly affected these 
decisions; Test condition V-H, [Pg 216 ~ 3.92, p<,0l) Test
condition H-V, (f ^  ^iq ” 9.31, p<.0l). For neither
decision were the age or sex factors significant. 
Analysis of means reveals that for both decisions 
circular stimuli were most accurately matched and 
triangular stimuli were least accurately matched, 
squares and diamonds being of intermediate difficulty. 
This is the same order of difficulty as displayed in 
test condition H-H,
Although the V-H, H-H, H-V test conditions display the 
same order of difficulty with respect to shape of the 
stimulus, inspection of the means suggested that 
subjects were not being equally accurate on these three 
tasks. See Figure 4.7 below.
agegroup
meanV - Hscore
meanH - Hscore
meanH - Vscore
6 years 1. 23 1. 38 1.57
9 years 1.15 1.4 1.57
12 years 1. 13 1. 35 1.53
adult 1.05 1.38 1.71
Figure 4.7 Mean scores for each age group ontest conditions V-H , H-H, and H-V.
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This would be a surprising result when placed in the 
context of previous studies as summarised in Figure 1.1. 
The stimuli were geometric shapes and as such it would 
be expected that the results would be of the form V-H>H- 
V>H-H.
A 2 (sex) X 4 (age) x 4 (shape) x 3 (decision) ANOVA was 
therefore conducted on scores from these three decisions 
to determine whether apparent differences were 
significant and whether the decision factor interacted 
with any other factor. The shape and decision factor 
are within subject factors whereas sex and age are 
between subject factors.
Of the factors considered only age was not significant. 
For the sex factor^F^ = 7.71, p < . 01) w i th males (mean 
score = 1.32) being more accurate than females (mean 
score 1.43). The shape factor was significant 
(f 3 216 “ 17.81, p <.001) with the order of accuracy being 
circles - highest, squares, diamond and triangles least 
accurate. As expected, the decision factor was 
significant(F2^ 144 “ 54.73, p<.00l), with the order of 
accuracy being V-H highest, H-H, and H-V least accurate. 
No interactions between the decision factor and any 
other factor reached significance.
General Discussion
Analysis of results has shown that with increasing age 
the magnitude and extent of visual bias decreases, 
whether the decision modality is visual or haptic. It
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is important to note that while there is a significant 
decrease in visual bias with age, there is no 
significant increase in haptic accuracy with age.
Considering these factors separately, it might have been 
anticipated that within the age range studied (5 years 
to adulthood) haptic accuracy would have shown an 
improvement with age since, as has already been 
reported, young children find haptic matching 
exceedingly difficult. Although Rudel and Teuber (1971) 
do report a marked improvement in haptic matching skills 
around six years of age.
It haô also been proposed (i.e. Howard & Templeton 1966, 
Becker-Carus 1973, Power and Graham 1976) that increased 
haptic skills would lead to a decrease in visual bias 
effects. In this study however we have a decrease in 
visual bias with age but no equivalent increase in 
haptic accuracy. The effect of haptic accuracy is 
discussed further on page 140.
No other studies in the literature have reported a 
decrease in visual bias of haptic judgements with 
increasing age although the judgements of 18 year old 
subjects in Klein's (1966) study with subjects 9 - 1 8  
years were significantly lower than those of other age 
groups although there was no statistically significant 
trend across age. However Warren and Pick (1970) did 
report decreasing auditory bias of visual judgements and 
proprioceptive bias of auditory judgements with 
increasing age.
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It is suggested that the changes made to the basic 
discrepancy design of Rock and Victor (1964) in this 
study underlie this decrease in visual bias with age. 
Indeed it is reasonable to ask why adult subjects are 
showing visual bias at all in view of the changes to 
this experimental design;
1. To ensure maximum opportunity for haptic 
information pick up and to minimize the chance 
that this haptic information should be devalued, 
subjects haptically explored the stimulus object 
directly rather than impeded by a cloth or glove 
and thus were able to see their hand, distorted by 
the lens, exploring the object.
2. To minimize haptic memory demand the subject was 
able and encouraged to explore the stimulus object 
continuously during the response phase of the 
task.
3. Since it was considered impossible to ensure that 
young children could begin to look at and feel an 
object simultaneously, all subjects held the 
object before they saw it, to ensure that haptic 
information was available before rather than after 
the visual information.
4. Four responses were made to the conflict condition 
with respect to differently shaped stimuli.
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It is suggested therefore that the reason why the 
results show an increasing reliance on the haptic 
information with age - a factor not found by earlier 
researchers, is that this study has provided more 
information than is usual in this experimental paradigm 
to alert subjects to the unnatural situation in which 
they find themselves. Young children placed in this 
context are more reliant on what appears to be the case: 
unidimensional dominance (as in Piaget's conservation 
problems) rather than casting around for and balancing 
all possible sources of information. With increasing 
age, however, subjects are more likely to be aware of 
the ambiguous, problematical nature of the situation and 
to utilize more of the information available before 
reaching a decision rather than to give the "obvious" 
answer.
Effect of Stimulus Shape
The shape of the object was found to affect signficantly 
the judgement of subjects in all test conditions. It 
should be noted that the shape of the objects had no 
significant effect on any judgement of the 3 - 5  year 
old subjects in the study reported in Chapter 3. It is 
assumed that the haptic training given to these 3 - 5  
year old subjects which involved all the objects which 
could be encountered, rendered the subjects equally able 
with each stimulus shape.
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Effect, of Haptic Accuracy
It was observed that for test conditions V-H, H-H and 
H-V, the order of accuracy of judgements by object shape 
was circles highest followed by squares and diamonds 
with triangles being the least accurately matched. This 
shape order is reversed when the level of visual bias, 
regardless of response modality, is considered i.e. most 
visual bias is shown with the triangular objects - the 
objects associated with the least accurate intra- and 
intermodal matching, the reverse being the case with the 
circular stimulus, squares and diamonds being of 
intermediate difficulty and level of visual bias.
Evidence relating haptic accuracy to level of visual 
bias in previous studies has been contradictory. Power 
and Graham (1976) reported no difference in the extent 
of visual bias displayed by potters and students despite 
the higher haptic accuracy of potters. Attempts to 
increase haptic accuracy by haptic training have 
resulted in decreased visual bias (Becker-Carus 1973) 
but it has been questioned by Welch and Warren (1980) 
whether the decrease in visual bias was due solely to 
increased haptic accuracy rather than to increased 
attention to the haptic information encouraged by the 
haptic training procedure.
However in all of these studies the evidence has not 
come from within subject comparisons but rather from 
between subject comparisons or brought about by
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manipulations across condition. No previous study has 
explored the effect on the magnitude of visual bias of 
presenting objects of different haptic 'matching 
difficulty. The study reported in this chapter 
demonstrates a within subject relationship that supports 
the view that haptic accuracy and extent of visual bias 
are inversely related (albeit over a small range of 
haptic accuracy).
When the results of this study are combined with those 
from the study conducted with 3 - 5  year old subjects, 
(experiment 2) they do have some relevance to the Welch 
and Warren (1980) query concerning the importance of the 
results of the Becker-Carus (1973) study referred to 
above. Doubt was raised as to whether haptic training 
merely improved haptic accuracy rather than also 
encouraging attention to haptic information. The 3 - 5  
year old subjects in experiment 2 did receive haptic 
training whereas the subjects for the study reported in 
this chapter did not. It can be seen from figure 4.8 
that the trained 3 - 5  year olds have a much lower level 
of visual bias in both response modalities than would be 
anticipated on age trends shown to exist from the 
results obtained within the four age groups (6 years - 
adults) used in this study.
1.41
Age Group
% of subjects accurate making haptically decisions
H-H [V]H-H [V]H-V
Trained 3 - 5  years 63 22 12
Untrained
5 years 68 9 0
9 years 62 25 13
14 years 68 27 16
adults 65 34 15
Figure 4.8 Comparison of haptic accuracy of trained and untrained groups of subjects.
It must be acknowledged that there may be no real 
difference in performance between the 3 - 5  year old and 
6 year old subjects since extrapolation of developmental 
curves beyond those age groups represented in the 
samples studied is experimentally unsound. However as 
the results stand they do support the Welch and Warren 
(1980) suspicion that while haptic training may improve 
haptic accuracy it also serves to increase attention to 
the haptic information and therefore to decrease the 
extent of visual bias.
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Relative Accuracy on Test Conditions V-H, H-H and H-V
The significant difference between subjects' ability to 
perform intra- and intermodal matches regardless of age 
or shape of the object is surprising when considered in 
the context of previously published research reports 
(e.g. Jones 1981). These reports suggest that these 
judgements should be of the form V-H>H-V>H-H where V-H 
is most accurate and H-H the least accurate rather than 
the form of results V-H>H-H>H-V found in this study. 
This result is particularly surprising since the 3 - 5  
year old subjects studied earlier showed no difference 
in ability to perform these tasks, although this group 
had received prior haptic training.
A possible explanation of these results arises if 
subjects' judgements are assumed to have undergone some 
form of adaptation. Studies by Rock and collaborators 
and by subsequent researchers have shown that it is the 
haptic rather than the visual sense that accommodates in 
situations of conflicting sensory information. The 
previously reported study of Rock, Mack, Adams and 
Hill,(1965), demonstrates that the haptic sense can 
remain adapted beyond the conflict situation. Although 
the subjects in the Rock, Mack, Adams, and Hill (1965) 
study were exposed to the conflict situation for thirty 
minutes while the subjects in this study were only in 
each conflict situation for approximately five seconds 
it has previously been suggested that adaptation may 
quickly occur (Hay et al 1965, Klein 1966).
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Adopting the previously used notation of 1 for the small 
object, 2 for the medium object, and 3 for the large 
object, where the size 1 object when viewed through the 
lens appears the same as the size 3 object, will 
simplify the argument that follows.
If the subject's haptic judgements do adapt then in test 
condition [V]H-H the haptic experience of the size 1 
object becomes adapted/related to the visual experience 
of a size 3 object. The subsequent test condition V-H 
requires a size 1 object to be visually presented 
directly to the subject who, if totally adapted, would 
seek an object sized -2, on the present scale, to match 
the stimulus object. However the smallest object 
available for the subject to select is a size 1 object 
which is two sizes larger than required. Since the 
smallest size object available on the response board was 
size 1 and if adapted the subjects would seek a size -2 
object, the selection of the size 1 object is 'easy' 
and would account for the adults 94% accuracy on this 
judgement.
The test condition H-V follows the test condition [V]H-V 
for the previously presented shape set. An object size 
.1 is haptically presented to the subject and he is 
required to find a visual match for it from the response 
board. If he is totally adapted he will seek an object 
of size 3 which could account for the low accuracy level 
on this test particularly for adult subjects only 23% of 
whose decisions were accurate.
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It is possible to test this hypothesis by using a size 3 
object as the stimulus for test condition V-H and 
retaining a size 1 object as the stimulus for test 
condition H-V. Modal scores for both tests would then 
indicate whether adaption was taking place. It would 
also be possible to explore the relationship between 
subjects judgement on the conflict condition and their 
level of adaptation and thereby to address the issue of 
the relationship between visual bias and adaptation. If 
the judgements on test conditions V-H and H-V were 
scored 1 for an accurate match i.e. no adaptation, 2 for 
some adaptation, and 3 for total adaptation, a direct 
comparison of judgements in test conditions V-H and H-V 
could be made. The relationship between adaptation and 
visual bias could be similarly assessed. These studies 
form one component of the next experiment, described in 
Chapter 5.
This study has shown that visual bias decreases with 
increasing age: the explanation offered for this
occurrence is that with advancing age subjects become 
both increasingly aware of the unnatural nature of the 
test condition and increasingly able and motivated to 
seek out and balance all possible sources of information 
rather than to give the initially obvious answer.
The problem still exists of why, with so much 
information available to alert the subject to the 
unnatural situation surrounding the test conditions, 
adults should display any visual bias at all. To assist
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in understanding this problem it was considered 
important to explore some of the parameters which might 
affect the extent of visual bias and if possible to 
establish some boundary conditions for its occurrence.
These topics, together with the nature of the 
relationship between adaptation and visual bias, are the 
subject of the next two chapters. The theoretical 
implications of the results of these studies and of 
those already described are discussed in Chapter 7.
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CHAPTER 5 : FACTORS AFFECTING VISUAL BIAS
EXPERIMENT 4
Introduction
From the studies described so far it may be concluded 
that preschool children demonstrate strong visual bias 
of haptic judgements when these judgements are made 
in conditions of conflicting visual and haptic 
information and that both the magnitude of this bias and 
the frequency of its occurrence decrease with increasing 
age.
To explain one group of results gained in experiment 3 
it was hypothesised that as a result of exposure to 
discrepant visual and haptic information in test 
conditions [V]H-H and [V]H-V subjects were showing some 
adaptation of their haptic judgements. This hypothesis 
is one of the many topics explored in this Chapter. To 
assist in answering the question of why visual bias of 
haptic judgements occurs, and of interest in its own 
right, it is important to assess those factors which may 
affect the extent of visual bias and if possible to 
establish some of the boundary conditions for the 
occurrence of visual bias. These issues are therefore 
the subject matter of this and the next chapter. In 
both chapters two studies are presented, one with adult 
subjects and the other with child subjects.
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Factors to be Considered from Previous Studies
From the literature it is known that increasing the 
magnitude of the discrepancy between the two sources of 
information in conflict conditions decreases the level 
of sensory bias in visual-proprioceptive and visual- 
auditory discrepancies (Bermont and Welch 1976, Jack and 
Thur low 1973, Warren and Cleaves 1971, Over 1966, 
Witkin et al 1952). However this factor has not been 
directly studied with visual-haptic discrepancies 
although results from a study by Power (1980) suggest 
that this relationship may not hold for visual-haptic 
discrepancies: in fact the reverse may obtain
(introduction page 50 ).
Millar (1972) has shown that subjects need to believe 
that the visual and haptic information are emanating 
from the same object for visual bias to occur. While 
Rock and Victor (1964)did not violate this condition, 
they assumed that a subject should not be allowed to see 
his hand exploring the object, since this would enable 
him to become aware of the lens distorting the visual 
information. Kinney and Luria (1970) however allowed 
divers to see themselves handling objects underwater and 
strong visual dominance was still reported. Most 
studies have found that the modality of response has 
little effect on the extent of visual bias, almost total 
visual bias being reported for both haptic and visual 
responses. However where incomplete visual bias is 
reported, e.g. Page and Locke (1977) and in the present
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work, there is both an increased level and incidence of 
visual bias with a visual rather than a haptic response. 
Factors to be considered in the design of this 
experiment are, therefore,
a) the magnitude of the discrepancy between the two 
sources of information.
b) the effect of subjects' being able to see their 
distorted hands during haptic exploration
c) the effect of modality of response.
Factors Arising from the Present Study
In the studies described in this thesis so far a 
cylindrical lens has been used to distort the visual 
information. This causes the image of the standard 
object to increase in one direction only, therefore the 
object's appearance is changed in both size and shape. 
The relative contribution of each factor i.e. size and 
shape, to t h e ’ visual bias effect is therefore 
confounded. It could also be the case that subjects' 
unfamiliarity with this type of lens and its effects, 
are contributing to the bias effect, possibly because 
they are less aware of the visual distortion and 
therefore of the unnatural situation within which they 
are operating. Changing shape without changing at least 
one size dimension is not possible; however size may be 
changed without affecting shape by the use of a 
conventional lens.
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It was therefore decided to explore the reactions of 
both adult and child subjects w i t h  a similar 
experimental design to that already used, but where the 
visual information was distorted by a conventional 
rather than cylindrical lens.
Factors Incorporated into the Experimental Design
The effect of the magnitude of the discrepancy between 
the visual and haptic information on the level of visual 
bias is unclear from the literature. In an attempt to 
explore the importance of this factor conventional 
lenses of two magnifications, 1.5x and 2 x , were 
selected. The 1.5x magnification was selected since 
this was the unidirectional magnification produced by 
the cylindrical lens in the experiments previously 
described. Comparison could therefore be made of the 
level of incidence of visual bias resulting from these 
two types of visual distortion at the same level of 
magnification. The 2x magnification was selected so 
that the effect of the magnitude of discrepancy on the 
level of visual bias could be investigated. It had been 
noted that the adult subjects in experiment 3 had 
demonstrated a low level of visual bias, only 26% of 
their decisions showing total visual bias and 40% of 
their decisions showing partial visual bias. It was 
therefore thought that the 2x magnification might be 
approaching a boundary for the occurrence of visual bias 
for adult subjects within this experimental design.
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It has been hypothesized that the availability of the 
standard object for haptic exploration during the 
response phase of the experimental design used in this 
thesis was a factor in the decreased level of visual 
bias displayed by subjects when compared to the high 
levels of visual biasing reported from other studies. 
This has not however been shown to be the case. This 
factor was therefore incorporated into the experimental 
design.
It has been similarly proposed that free access to the 
haptic information (not via a cloth) was a factor in 
this reduced level of visual bias. This proposition 
v/as based on two notions.
1) that the haptic information received from an 
object which could only be explored via a cloth 
would be degraded and therefore devalued by the 
subject relative to the visual information 
ap p a r e n t l y ’received directly. This notion 
appears to be repudiated by the results of Power 
(1980) (published after work on this thesis had 
started) which showed that direct exploration of 
the haptic object as opposed to exploring it via 
a glove has no significant effect on the level of 
visual bias when the visual information is 
distorted by a 1.5 x cylindrical lens (the 
equivalent lens to that used in the studies 
reported to date in this thesis).
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2) the fingers or hand of the subject would be seen 
haptically exploring the object and these parts 
of the body could provide familiarly sized 
reference objects against which to assess the 
size of the target objects. However it may be 
argued that when the objects are viewed via the 
cylindrical lens used to date only the finger 
tips of the hand could be seen and therefore it 
may not occur to subjects to use these as 
reference objects for size judgements. While the 
underwater studies of Kinney and Luria (1970) and 
Ross et al (1970) suggest that the hand is not 
used as a reference object of known size when 
making haptic judgements, this result is counter­
intuitive and the effect of the availability of a 
familiar reference object on levels of visual 
bias in a normal environment was incorporated 
into the experimental design.
It should be noted that notions 1 and 2 could be 
counteracted by the Welch and Warren (1980) hypothesis 
that seeing the hand exploring the object being viewed 
would increase the subject's belief in the unity of the 
perceptual event, and therefore the extent of visual 
bias. However Welch and Warren (1980) do point out that 
body image is a strong concept and therefore where 
distortions are large, body image would be in strong 
concious conflict with visual experience and therefore 
reduce the assumption of unity.
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The effect of the availability of a familiar sized 
reference object, the subject's own hand, on the extent 
of the visual bias displayed should therefore, be 
explored for this as well as previously discussed 
reasons.
Whilst the viewing of objects monocularly or binocularly 
might be anticipated to affect depth estimation, the 
effect of this factor on size estimation might be 
expected to be negligible. However, viewing objects 
monocularly is not a natural viewing mode and limiting 
the subject to the use of only one eye leads to a 
variety of contradictory predictions.
1) It degrades the visual information thereby 
encouraging attention to the haptic information 
consequently decreasing visual bias (a similar 
but reverse argument to that concerning the 
haptic exploration of the object via a cloth).
2) It increases the subject's awareness of being in 
an unnatural situation and therefore triggers him 
to attend more carefully to all possible sources 
of information available to him, thereby 
decreasing visual bias.
3) Where binocular vision is possible the lens 
itself becomes apparent, therefore two separate 
aspects of the information available to the 
subject indicate that the visual information he 
is receiving is altered or distorted possibly 
also decreasing visual bias:
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a) the view of his distorted/enlarged finger
b) the sight of the lens
Studies by McPherson and Renfrew (1953) and Walker 
(1971 and 1972) indicate that size judgements are 
affected by handedness and body size. Therefore 
allocation of the preferred hand to standard rather 
than response object might be expected to affect the 
subject's judgement. Although children's judgements are 
known to be unaffected by this factor (p^7 ), adults are 
known to have stronger hand preference than preschool 
children; this factor was therefore included in the 
experimental design.
The following study therefore considers the effect of 
these factors on the magnitude of visual bias exhibited 
by subjects when they make haptic decisions in 
situations of discrepant visual and haptic information. 
The factors are :-
1) the degree of discrepancy between visual and 
haptic information - magnification 1.5x, 2x
2) the availability of the standard object for 
haptic examination during the response phase of 
each test condition - available, unavailable.
3) the mode of presentation of the visual 
information - monocular, binocular
4) the availability of a familiar sized reference 
object (the hand) - large, small lens.
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5) 'Handedness', presentation of the object to - 
preferred, non-preferred hand.
Two units (REME and RAOC) of the army agreed to allow 
men from their units to act as subjects for this 
experiment.
Since the army may be considered to be n o n ­
representative of the general population, it was decided 
that the experiment described in the last chapter should 
be repeated using army subjects, since only on this 
basis could a direct comparison be made of visual bias 
levels arising from the different visual distortions 
caused by the cylindrical and conventional lenses.
Apparatus A
The apparatus consisted of a wooden box 16" high, 12.1" 
wide and 11.6" deep, which contained the standard 
stimuli, and which were provided with a viewing 
apertures in the top face. (see Figure 5.1 ). The
standards were flat pieces of 0.1" thick white 
plexiglass, mounted on 2" wooden dowels of 0.5" 
diameter. A wooden block was fixed centrally to the 
floor of the box, and a 0.5" diameter hole was drilled 
in this block, to enable the various standards to be 
inserted. A conventional lens, in a holder with a 6.0" 
X  3.8" aperture, was mounted in the box so that its 
centre was 9.0" below the viewing aperture. A wooden 
tunnel of inside dimensions 6.5" x 4.0" was fitted
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Figure 5«1 Apparatus A
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between the viewing aperture and the lens. The distance 
from the lens to the top of the standard was set to meet 
the experimenter's subjective judgement of a two times 
magnifie ation; a distance of 7.9" was thereby selected. 
This judgement was checked by asking twenty people 
selected at random to visually match the square standard 
object under these conditions to one of a response set 
of five corresponding objects of dimensions 1"x175" ^ 
l"xl87'r 1 "x2"f 1"x 2'I2."/ I"x2-2g’; nineteen of these people 
selected the 1" x 2" object. To produce a subjective 
judgement of a 1.5 times magnification/ a second wooden 
block could be inserted between the first block and the 
standard, raising the standard to be 5.5" below the 
lens. In a similar calibration procedure with twenty 
subjects chosen at random, eighteen chose the 1" x 1.5" 
response object.
The side of the box facing the subject was completely 
covered in hardboard, and holes approximately 5" in 
diameter were cut in the left and right sides of the 
box, so that the subject could touch the standard while 
being unable to see it. The back of the box (the 
experimenter's side) was completely open. Two 
fluorescent strip lights were mounted below a horizontal 
shelf near the top of the box, in order to provide 
adequate illumination for the standard objects.
Apparatus B
As for Apparatus A except for the dimensions of the 
tunnel. These were reduced to 3.2" x 3.2" to restrict
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the field of view available to the subject.
The apparatus and test materials used in experiment 3 
were used again in the cylindrical lens conditions of 
this experiment.
Test Materials
Two sets of each of the following object sets were made 
of 0.1" plexiglass
1) square (side)
1", 1.25", 1.5"
2) circular (diameter)
1", 1.25", 1.5"
3) triangular (side)
1", 1.25", 1.5"
4) square (side)
1", 1.5", 2"
5) circular (diameter)
1", 1.5", 2"
6) triangular (side)
1 ", 1.5", 2"
Sets 1-3 were used with magnification 1.5x 
Sets 4-6 were used with magnification 2x 
One of each of the shape sets were mounted on wooden 
dowels on a wooden response board 12" x 4.5" x 0.5" with
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4" spaces between the objects. The other shape set was 
mounted 6n wooden dowels for placing in the apparatus 
box.
Subjects
160 men from training units of the R.E.M.E. and R.A.O.C. 
Method
A card index file was constructed with one card for each 
test condition to be conducted within the study. 
Possible orders of shape presentation were noted on the 
card for each condition and their use recorded so that 
shape presentation orders were randomized. Each army 
camp was visited on three separate occasions. On each 
occasion subjects were randomly assigned to each 
condition, each piece of apparatus being used on each 
visit. Each subject's name, trade and hand preference 
were recorded; he was then shown an object (not one 
used in his assigned condition) as an example of the 
type of material he was to be asked to distinguish 
between. It was explained that all objects that he would 
be required to assess would be mounted in an identical 
fashion but that each set of objects would vary in size 
and shape. -Each set of objects— contained two identical 
subsets, one of which was mounted in the response board. 
The other was available to the experimenter so that any 
one of the experimenter's subset could be used as a 
stimulus object. The subject was informed that his task
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was to find a match to the stimulus object mounted in 
the box (main apparatus) from amongst the response set. 
It was explained that the standard object could be 
presented visually, haptically or to both senses 
simultaneously and that he would be required to match 
the object either visually or haptically but that the 
exact requirements would be explained on each occasion.
Task Conditions
H-H, [V]H-H, [V]H-V, H-V, V-H - fully described in
appendix 1.
Task Presentation Sequence
Subjects assigned to the cylindrical lens and 1.5x 
magnification conventional lens tasks undertook the same 
test conditions in, the same fixed order : - [V]H-H, V-H, 
H-H for each shape set (the shape set sequence being 
randomised across subjects) followed by [V]H-V, H-V for 
the same shape sèt sequence. Subjects assigned to the 
2x magnification conventional lens tasks undertook test 
conditions [V]H-H, H-H, [V]H-V in that fixed sequence 
for each shape set, the shape set presentation sequence 
being randomized across subjects. The sequence was 
fixed for the following reasons
1) [V]H-H is the test condition of prime interest.
In the discussion of experiments 1 and 2 in 
Chapter 2 and 3 it was suggested that subjects 
adopted a strategy of comparing the stimulus and
160
response objects via visual images. It was 
therefore decided for the present experiment that 
subjects should be allowed no prior knowledge of 
the objects before being faced with this critical 
test condition. This condition had therefore to 
be taken first.
2) The V-H and H-V test conditions were included to 
explore the possible adaptation effects resulting 
from exposure to the conflicting sensory 
information in test conditions [V]H-H and [V]H-V. 
Test conditions V-H and H-V should therefore each 
i m m e d i a t e l y  follow one of the conflict 
presentations. To maintain the simplest test 
regime all the haptic responses were grouped 
together. Therefore the V-H test followed the 
[V]H-H test and was in turn followed by the H-H 
test condition.
To minimise the chance of subjects remembering the exact 
size and shapes of the objects when faced with the 
second conflict presentation (CV]H-V) all the haptic 
response test conditions were conducted for each shape 
set and then the visual response test conditions were 
conducted on the shape sets in the same sequence.
For test conditions [V]H-H, H-H, H-V, [V]H-V the 
stimulus object was always the smallest shape of the 
set, but for test condition V-H the stimulus shape was 
the largest object of the set. After each test 
condition the stimulus object was removed from the
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apparatus and the objects rummaged to create the 
impression of reselection. The arrangement of objects 
on the response board was also varied between test 
conditions.
Adaptation Effects
Hypothesis : that the haptic sense of subjects adapts as 
a result of e x p o ^  to conflict conditions [V]H-H and 
[V]H-V.
To allow for the direction of adaptation the stimulus 
object for test condition H-V was the size 1 object 
whereas for test condition V-H the stimulus presented 
was the largest object (size 3), the apparent size of 
the small object (size 1) when viewed through the lens. 
If therefore the subject selected a response object of 
size 3 to test condition V-H he was showing no 
adaptation and the hypothesis should be refuted. The 
selection of a response object size 1 or 2 would show 
total or partial adaptation respectively and support for 
the hypothesis. Because of the different sized standard 
(explained above) the reverse situation obtains for test 
condition H-V. The scores for both test conditions were 
converted to adaptation scores to enable a direct 
comparison to be made between the two test conditions 
i.e. a selection of the smallest object on test 
condition V-H received an adaptation score of 3 (total 
adaptation) since the stimulus object had been the 
largest object; whereas if the largest object was
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selected an adaptation score of 1 would be given. The 
selection of the largest object on test condition H-V 
resulted in an adaptation score of 3 since the stimulus 
object was the smallest object whereas if the smallest 
object was selected an adaptation score of 1 would be 
given.
Sign tests were conducted on the adaptation scores for 
each lens condition and each stimulus shape to determine 
whether there was a significant difference between 
subject's decisions on the two test conditions V-H and 
H-V. No test result reached significance.
Lens Cylindrical Conventional
Test condition V-H H-V V-H H-V
% scoring 3 9 5 12 14
% scoring 2 41 52.5 62 66
% scoring 1 ’ 50 42 . 5 26 20
mean score 1.6 1.6 1.86 1.94
Figure 5.1 Summary table o f the percentage of
subjects displaying adaptation as a result 
of exposure to the conflict condition 
(total adaptation = 3, partial adaptation 
= 2, no adaptation = 1)
From Figure 5.1 it appears that more adaptation is 
taking place when the visual information is distorted by
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the conventional lens than by the cylindrical lens. 
However when a median test was conducted on the scores 
for the two lens conditions, the difference between the 
H-V scores is significant at p < .05 level whereas for 
the V-H scores the difference is only significant at 
p<.1 level.
In an attempt to discover if any relationship existed 
between the levels of adaption and visual bias the 
percentage of scores showing each of the various 
possible relationships from total visual bias and total 
adaptation to no bias and no adaptation were plotted in 
the form of a Pascal matrix (Figure 5.2). A Pascal 
matrix gives the probability of a combination of events 
occurring on a binomial distribution. If a relationship 
existed between visual bias and adaptation, the 
frequences of their score combinations would be expected 
to systematically increase or decrease along any axis of 
the matrix. No such relationship could be discerned.
Discussion
The initial conclusion based on the results presented 
above was that adaptation was taking place following, 
and as a result of, simultaneous exposure to discrepant 
visual and haptic information. However other
explanations of the result pattern could be that (a) it 
is purely an order effect since the order of 
presentation was never changed or (b) V-H and H-V 
judgements of these groups of subjects were inaccurate. 
To clarify the situation a further small study was 
conducted.
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Fxgure 5.2 Percentages of subjects showing all possible combinations of visual bias and adaptation scores presented in a Pascal matrix. The distortion has been caused by a cylindrical lens in section a^; and a conventional 1.5x lens in section (b)
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Subjects 16 adult females
Apparatus
As.per experiment 3.
Test Materials 
As per experiment 3.
Test Condition
Group 1 [V]H-H, V-H ) Test conditions) described in Group 2 H-V ) Appendix 1.
One week later each group was retested on one task:
Group 1 on V-H and Group 2 on H-V
Method
It was explained to the subject that there were two 
identical sets of objects with three objects in each 
set, each object being a flat piece of plastic mounted 
on a wooden stick. One of the sets was mounted on a 
response board beneath a black cloth. From the other 
set the experimenter could select any object to mount in 
the box which was placed on the table in front of the 
subject. Her task was to explore the object in the box 
either visually, haptically, or haptically and visually 
in accordance with the experimenter's instructions and 
then to identify from amongst the objects on the 
response board that object which was the same as the 
object in the box. Subjects were informed that it was
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the size and shape (i.e. the extent) of the object that 
should be the basis of their decision rather than any 
surface irregularities etc.
Care was taken to ensure that the object was haptically 
explored in such a way that simultaneous visual 
exploration was not impeded. Each subject carried out 
the test conditions on the four object sets used in 
experiments 1, 2 and 3 i.e. circles, triangles, squares 
and diamonds. The object used for all [V]H-H and H-V 
judgements was the smallest one of the set whilst for 
the V-H judgement the largest object of the set was 
used. The order of presentation of object sets was 
randomized across subjects and the location of objects 
on the response board was randomised within subjects.
Results and Discussion
The means scores for the conflict task were 2.3 and 2.1 
for groups 1 and 2 respectively (where scores of 3 or 1 
would represent a match to the visual or haptic 
information respectively).
The scores for the test immediately following the 
conflict task were converted to adaptation scores by the 
same method used for the main results. T-tests were 
carried out to test the significance of the difference 
between the scores and the results are given in 
Figure 5.3.
167
Group 1 mean score Group 2 mean score Significance of difference df = 14
score immediately following conflict condition [V]H-H 2. 31 2. 06 t = 1.06 p > .05
score one week later 1.13 1.25 t = -0.40 p > .05
difference between above two scores 1.19 0.81 t = 1.90 p > .05
Figure 5.3 Comparison of results on H-V and V-H tests when conducted, immediately a f t e r  a c o n f l i c t  t a s k  or in isolation.
Since none of the differences in scores are significant 
it may be concluded that adaptation is occurring as a 
result of exposure to the conflict test condition and 
this is reflected in the scores on both the V-H and H-V 
tests. The results from the main experiment do 
therefore arise from an adaptation effect, rather than 
from an order effect or from subjects' inaccuracy on 
these tasks.
There appears however to be no relationship between the 
degree of visual bias and degree of adaptation displayed 
by subjects. The term adaptation is typically reserved 
for the behaviour of subjects who have been exposed to 
'abnormal' conditions for an extended period of time (in 
excess of thirty minutes), where in the present 
situation subjects have only been exposed to each
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conflict situation for five seconds, a total of either 
forty or thirty seconds depending on lens condition.
However this report of adaptation after only brief 
exposure is not unique. Hay (1956) reported adaptation 
after only three second exposure to a conflict situation 
involving the visual and proprioceptive modalities and 
other similar reports exist with respect to these senses 
(e.g. Klein 1966). Klein (1966) also makes passing 
reference to adaptation resulting from exposure to 
visual and haptic discrepancy. No other authors have 
referred to this phenomenon with respect to the visual 
and haptic modalities, and no clear conclusions have 
been reached on the relationship between sensory bias 
and adaptation irrespective of modalities involved. The 
implication of the occurrence of this adaptation both 
for theories of intersensory organisation and for an 
understanding of visual bias of haptic judgements are 
discussed in Chapter 7.
Factors Affecting the Extent of Visual Bias 
Results - Cylindrical Lens
The factors considered for this lens condition were
1) Presentation of the standard object to the 
preferred or non-preferred hand
2) Whether or not the standard object remained 
available for exploration during the response 
phase of the tasks
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3) Visual information received monocularly or 
binocularly
4) The four shape object sets
5) The two army regiments from which subjects were 
drawn. This was retained as a factor since one 
regiment was concerned with ord nance the other 
with engineering and the haptic sensitivity of 
the two groups might therefore differ.
A 2 (PI) X  2(F2) X  2(F3) x 4(F4) x 2(F5) ANOVA was 
conducted on the results of test condition [V]H-H. 
Factors 1,2,3 and 5 are between subject variables 
whereas factor 4 is a within subject variable.
The only factor to reach significance level was factor 
(^1,24 ^ 5.6, p<.0s).
Figure 5.4 gives a table of mean scores from this ANOVA. 
A score of 3 would indicate a match to visual 
information received via the lens, 1 a haptic match and 
2 a compromise match.
Conventional Lens
The factors considered for this lens condition were 1-5 
as detailed for the cylindrical lens and (6) 
magnification 1.5x or 2x and (7) lens size (small or 
large).
Since the SPSS package available could only cope with
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five factors an ANOVA was carried out for each object 
shape by army camp. None of these tests reached 
significance. Data was therefore combined across the 
camp factor and a 2(F1) x 2(F2) x 2(F3) x 2(F6) x 2(F7) 
ANOVA was carried out for each object shape. The only 
main effect to reach significance was factor 6 
(magnification) and this factor was significant for all 
shapes. Only one interaction effect reached 
significance a three way interaction between factors 1, 
3 and 6 with respect to the triangular shape.
1,127 “ 7.4, p<.0^. Examination of the partials for
this interaction does not suggest any logical 
explanation. Amongst so many calculations a chance 
significance is to be expected and this three way 
interaction effect was therefore assumed to have 
occurred by chance rather than being due to a 
significant interaction of the factors.
A 2(F2) X  2(F3) x 3(F4) x 2(F6) x 2(F7) ANOVA was 
carried out to explore any main or interaction effects 
that might be introduced by the variously shaped 
object sets. In experiment 3 using the cylindricl lens 
the shape sets had proved to be of differing haptic 
matching difficulty (measured in terms of subjects' 
accuracy in matching the stimulus): circular objects
were matched most easily followed by square and diamond 
objects while triangular objects were the most difficult 
to match. Of the main effects factor 6 (magnification) 
was significant(f^ ^^ 2 ~ 14.07, p<.00^. and factor 4
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(shape) was significant = 4.39, p<.0S). No
interactions or other main effects reached significance 
level. Figure 5.5 provides a table of mean scores and 
F ratios for each factor.
Analysis of mean scores for each shaped stimulus reveals 
that subjects again showed more visual bias when 
operating with triangular shapes than with circles or 
squares. During discussions after the tests it was 
frequently mentioned by subjects that matching the 
triangles had been more difficult than matching the 
other shapes, a view supported by the data. Accuracy on 
the H-H test condition was lower for the triangular 
stimulus than for the other shapes.
Using the previously presented method of scoring 
judgements, i.e. 3 for a match to visual information 
received via the lens, 1 for an accurate match to the 
haptic information and 2 for a compromise match, the 
results shown in’ Figure 5.6 reveal that a considerably 
lower level of visual bias was shown by subjects when 
the visual distortion was caused by a conventional lens 
than by a cylindrical lens.
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Lens Type Mag. Mean Score
cylindrical 1.5 2.1
conventional 1. 5 1.5
conventional 2.0 1.3
Figure 5.6 Mean scores on the [V]H-H test when the visual distortion is caused by three different lenses.
A 2(F1) X 2(F2) X 2(F3) x 2(F5) x 2(lens type) ANOVA for 
each shape (F4) revealed that the difference in level of 
visual bias with lens type is significant for all 
shapes. Factor 2 (the availability of the standard) was 
significant but only for the circular stimulus F  ^95 = 
6.7 p = .01. No interactions involving the lens type 
factor were significant.
Figure 5.7 provides in greater detail the information 
supplied in Figure 5.6. The percentage of subjects who 
made each possible response to the conflict condition is 
shown for each stimulus shape. This table shows most 
strikingly the decrease in visual bias across the three 
conditions. It should also be noted that as haptic 
accuracy increases so visual bias decreases. This 
parallels the results described and discussed in Chapter 
4: the level of visual bias varies with the shape of the 
object in the inverse direction to the ability of 
subjects to accurately haptically match the shapes.
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STIMULUSSHAPE CIRCLE
% Judgements [V]H-H Visual Compromise Haptic % accuracyH-H
Cylindrical Lens 1.5x 37. 5 28.1 34.1 84
ConventionalLens 1.5x 4.7 42.2 53.1 84
Conventionallens 2x 0 28. 1 71. 9 94
STIMULUSSHAPE TRIANGLE
% Judgements [V]H-H Visual Compromise Haptic % accuracyH-H
Cylindrical lens 1.5x 37.5 40. 6 21.9 53
Conventionallens 1.5x 10. 9 48.4 40. 6 73
Conventionallenx 2x 4.7 25 73.4 94
STIMULUSSHAPE SQUARE
% Judgements [V]H-H Visual Compromise Haptic % accuracyH-H
Cylindrical lens 1.5x 25 53 .1 21. 9 72
Conventionallens 1.5x 6.3 32.8 60.9 86
Conventionallens 2x 3.1 18.8 78.1 97
Figure 5.7 C o m p a r i s o n  of the visual bias judgements under three types of distortions of the visual information.
176
While the cylindrical lens and one of the conventional 
lenses both nominally magnify by 1.5%, the cylindrical 
lens magnifies in only one plane whereas the 
conventional lens magnifies in two planes. Therefore 
the magnitude of the size discrepancy between the visual 
and haptic information in the two lens conditions, 
despite nominally equivalent matifications, is not 
equivalent, being 50% and 125% respectively.
y^he cylindrical lens for example the square shaped 
stimulus object when presented haptically is 1" x 1", 
but visually appears to be 1" x 1.5". The haptic 
surface area is therefore 1 sq. inch, whereas the visual 
surface area is 1.5 sq inches, an increase of 50%. 
Using 1.5x conventional lens the haptic stimulus is 
still 1" X 1" but visually appears 1.5" x 1.5". The 
haptic surface area is therefore 1 sq. inch while the 
visual surface area is 2.25 sq. inches, an increase of 
125%.
It is therefore not possible to conclude directly from 
the above results that the difference in visual bias 
shown with these two lenses is due to the specific 
visual characteristics of the image produced by the 
lens. Also complicating this issue is the increasing 
haptic accuracy which parallels the decreasing visual 
bias.
Although the haptic accuracy is assessed independently 
of the lens, it is assessed on the same objects that
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appear on the response board for the conflict condition 
for each lens condition. The haptic accuracy quoted for 
each lens condition refers therefore to the ability of 
the subject to distinguish between the objects presented 
on the response board for the conflict condition 
pertaining to that lens. Therefore the difference in 
surface area between the three objects used in the test 
condition (H-H) varies with the lens condition, the 
largest differences in surface area being between the 
objects used with the 2x lens and the smallest 
differences being between objects used with the 1.5x 
cylindrical lens. As might be expected in these 
circumstances haptic accuracy is highest where the 
difference in surface area is greatest and lowest where 
the difference is smallest.
To completely resolve the issue of whether the 
cylindrical lens is producing more visual bias than 
would be anticipated solely on the basis of the 
magnitude of the discrepancy it produces between the 
visual and the haptic information in the conflict 
condition, it would be necessary to conduct visual bias 
experiments with the visual distortion being caused by a 
wide range of cylindrical and conventional lenses. 
Practical limitations precluded the use of such a range 
of lenses. However, if visual bias is linearly related 
to the magnitude of the visual-haptic discrepancy, then 
the visual bias resulting from a conventional lens 
giving an area discrepancy between the visual and haptic
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information of 50% may be approximately projected from 
the existing data. This value could then be compared 
with that-caused by the cylindrical lens thereby 
allowing some estimation of the direct effect of the 
nature of the distortion of the visual information on 
the magnitude of the visual bias caused. To do this, 
the total visual bias (the percentage number of 
judgements scoring 3) and total haptic bias (percentage 
number of judgements scoring 1) have been expressed as a 
percentage of the scores of test conditions (H-H) for 
each stimulus shape and lens condition. These values 
have then been plotted in Figures 5.8 and 5.9 against 
the magnitude of the visual-haptic discrepancy created 
by these lens conditions.
From these figures it may be seen that for all stimulus 
shapes the visual bias resulting from a visual 
distortion with the cylindrical lens is much higher than 
would be predicted by extrapolations from the 1.5x and 
2x conventional lenses. Similarly the total haptic bias 
is less than would be expected on the same predictive 
basis although for the triangular shaped stimulus the 
total haptic bias measured does closely approximate the 
predicted level.
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Incidence of haptic bias(% of subjects selecting haptic match, divided by 
% H-H accuracy)
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Figure 5.8 Effect of shape distortion caused bycylindrical lens on incidence of haptic bias
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Incidence of visual bias(% of subjects selecting visual match, divided by %H-H accuracy
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Figure 5.9 Effect of shape distortion caused bycylindrical lens on incidence of visual bias.
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Discussion
The magnitude of the discrepancy between the visual and 
haptic information-available in the conf-lict situation 
(CV]H-H) has been shown to have a significant effect on 
the level of visual bias displayed. The type of lens 
causing the visual distortion of the haptic information 
has also been shown to affect significantly the level of 
visual bias; however it is unclear whether this is 
solely due to differences in the magnitude of the 
discrepancy between the two sources of sensory 
information or is also partly due to the different 
characteristics of the visual image resulting from the 
two lens types used.
The visual bias levels produced by the cylindrical lens 
are higher than would be predicted for a conventional 
lens producing a similar magnitude of visual-haptic 
discrepancy, if magnitude of bias and magnitude of 
discrepancy are linearly related. This result lends 
support to the notion that the unusual (distortion in 
one direction only) or unfamiliar (rarely will subjects 
have encountered lenses which did not magnify in both 
directions) characteristics of the visual image produced 
by the cylindrical lens increase the likelihood and 
extent of visual bias. For all stimulus shapes and for 
all three lenses, the availability of the standard 
object for haptic exploration during the response phase 
of the task resulted in more visual bias than when such 
haptic information was not available. This was as
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predicted; however, only with respect to the cylindrical 
lens condition was the difference statistically 
significant.
Summary ; Adult Subjects
1) The haptic sense of subjects has been shown to 
become adapted after exposure to the discrepant 
visual and haptic information in the conflict 
condition. The haptic sense adapts so that the 
two sources of information presented in the 
conflict condition become related. Consequently 
in a subsequent intermodal transfer task a haptic 
object is visually matched to an object larger 
than the correct one.
2) Visual bias was found to vary inversely with the 
diff i c u l t y  that subjects experienced in 
haptically matching the objects used in the 
experiments.
3) Visual bias decreased as the magnitude of the 
discrepancy between the visual and haptic 
information increased; however this factor is 
confounded by an increase in haptic accuracy 
w h ich parallels the increasing visual 
discrepancy.
4) It is suggested that when the distortion is 
caused by a cylindrical lens, more visual bias
1^3
occurs than would toe anticipated on the basis of 
the magnitude of the discrepancy between the 
visual and haptic information and haptic 
accuracy. It is proposed that this is in part 
due to the subjects' unfamiliarity with this type 
of lens distortion.
CHILD SUBJECTS 
Introduction
From experiment 3 it is already known that where visual 
distortion is caused by a cylindrical lens visual bias 
decreases with increasing age. However it was not known 
whether the same relationship obtains when the visual 
distortion was caused by a conventional lens. It was 
therefore decided to explore this relationship by 
repeating some parts of the experiment just reported 
with preschool rather than adult subjects.
From experiment 1 it was already known that the hand 
with which the child explored the standard object did 
not significantly affect the level of visual bias shown. 
It was not feasible to utilize an equivalent number of 
preschool child subjects as had been used in the adult 
study. It was therefore decided to study the factors 
with preschool subjects which had significantly affected 
adults' judgements and set the other factors to those 
conditions which minimised visual bias i.e. to use the 
binocular viewing condition together with the large 
lens. In this way in line with Experiments 1, 2 and 3,
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the child would be operating in as close to normal 
conditions as the experiment would allow, minimising any 
aspect of the p a r a d i g m  which could itself be 
contributing to visual bias.
The factors studied were therefore
1) magnification ; conventional lens 1.5x and 2x
2) availability of the standard during the response 
phase of the task: available and unavailable.
Subjects
Eighteen subjects(none of whom had taken part in earlier,
experiments) attending a nursery school; nine females,
nine males, mean age 4 years 5 months, age range 4 years
0 months to 5 years 1 month. Two subjects started but
lackdid not complete the test, one due to interest, the 
other because he was unable to perform the task.
Apparatus C
As for apparatus A except for two modifications.
1. The width of the box was reduced from 12.1" to 8.5"
to enable the children to both look at and feel the
objects contained within it without assuming 
uncomfortable positions.
2. There was not room to include flu orescent lights in
this box. Adequate lighting of test materials was
ensured by always placing the open side of the box 
towards a window.
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Test Materials 
As for adult study.
Method
The playschool room was set out with various activities, 
some under the constant supervision of a play leader, 
others organised by the children themselves. The tasks 
of this study were set out as one of the constantly 
supervised activities of the day. The children were 
told that it was a feeling game. They were shown one of 
the response objects (not from the sets to be used) and 
a response board. They were told that they were going 
to look at or feel or sometimes look at and feel pieces 
of plastic like the one they were looking at, but it 
would be in a special place in the wooden box. They 
were then told that on the board there would be three 
more pieces of plastic and just one of them would be the 
same as the one that they had seen or felt in the box. 
The game involved finding this special shape which might 
be the same or different each time we played the game. 
Where appropriate the children were shown how to explore 
the stimulus object haptically while still being able to 
see it. They were told to explore each shape before 
they decided on their choice. If they were hesitant to 
explore the stimulus or response objects they were 
helped and encouraged. No specific feedback was given 
on the child's answer, just encouragement by smiles and 
comments of "good" or "well done". Each child was 
tested on two occasions one week apart. On the first
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occasion a 1.5x conventional lens was used to distort 
the visual information; on the second occasion the 
distortion was caused by a 2x conventional lens. With 
the 1.5x conventional lens each child made three 
decisions. The first and third test conditions were 
counterbalanced across subjects. Both decisions 
involved the test condition, with the standard
either available or unavailable during the response 
phase of the task. The second test was always the H-H 
task with the standard unavailable during the response 
phase of the task. With the 2x conventional lens two 
tests were conducted, [V]H-H and H-H. In both cases the , 
standard was unavailable during the response phase of 
the task. (Full details of the [V]H-H and H-H tests are 
given in Appendix 1.)
For all test conditions the standard object was the 
smallest one of each object set. Between test 
conditions objects were moved around in the box, the 
stimulus object being removed and replaced to give the 
impression of an object change. The sequence of 
presentation of object shape sets was randomised for 
each subject. The arrangement of objects on the 
response board was varied between decisions.
Results
The previously used scoring system of 3 = visual match,
1 = haptic match and 2 = a compromise match was again 
adopted.
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To determine the effect of the availability of the 
standard object on the child's reaction to the [V]H~H 
test condition a 2 (standard availability) x 3 (shape 
set) ANOVA was conducted. Neither factor nor their 
interaction were significant. Mean scores w e r e , 
standard available 2.ZS, standard unavailable 2.SS.
To assess the effect of increasing the discrepancy 
between the visual and haptic information on the child's 
reaction to the [ V ] H - H test condition, a 2 
(magnification) x 3. (shape set) ANOVA was conducted on 
the data. The magnification factor was significant 
1^1,14 ~ 16.04, p<.0l) Mean scores were, magnification
1.5x = 2.58, magnification 2x = 2.16. Neither shape 
factor nor interactions were significant.
If these results are then compared with those from the 
adult subjects (Figure 5.10) it may be seen that for all 
three shapes and both magnifications the children show 
more visual bias than the adult subjects.
The adult data was collected from two separate groups, 
one for each magnification, whereas the child data was 
collected f ^ m  a single group of children; sign tests of 
the differences between adult and child data for both 
visual and haptic matches for all shape sets were 
significant at p < .001.
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Shape set Circle
% Judgement
Visual match Compromise match Haptic match % accuracy H-H
DO H-H adult child adult child adult child adult child
1.5x lens 5 80 42 13 53 7 84 81
2x lens 0 27 28 47 72 27 94 87
Square
1.5x lens 6 53 33 46 61 7 86 69
2x lens 3 33 19 60 78 7 97 81
Triangle
1.5x lens 11 57 48 20 41 13 73 81
2x lens 5 33 22 53 73 13 94 87
Figure 5.10 Comparison of Results from Adult and Child Subjects.
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Discussion
This study has shown that increasing the discrepancy 
between the visual and haptic information (by increasing 
the visual magnification) results in a decrease in the 
extent of visual bias shown by both adults and children. 
These results also confirm the finding of experiment 3 
that visual bias decreases with increasing age. It is 
suggested that increasing the discrepancy between the 
visual and haptic information has a similar effect to 
increasing the haptic information available to the 
subject. Both actions serve to increase the likelihood 
that subjects will engage a problem-solving approach to 
the task. Adults are more able than children to 
recognise the abnormal situation in which the task is 
being conducted and to adopt a problem-solving approach. 
Similarly, having adopted a problem-solving approach, 
adults are more able than children to weigh up all 
aspects of the ,information available to them. This 
argument is developed further at the end of the next 
chapter, when the relative extent of visual bias 
exhibited by adults and children on textural judgements 
will also be known.
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CHAPTER 6 ; VISUAL BIAS OF TEXTURE JUDGEMENTS
Introduction
It has been suggested by Lederman et al (1972, 1973,
1974, 1979, 1981) that to base statements on the
intermodal organisation of the visual and haptic senses 
on experiments in which judgements were of size and 
shape is to misrepresent or oversimplify the situation. 
It is argued that evidence from the haptic sense is not 
crucial to shape and size perception. However texture 
perception and discrimination do appear to demand skills 
which are quintessentially haptic. Statements on the 
sensory organisation and relative dominance of vision 
and touch should therefore be based on experiments where 
judgements are of textures rather than of size or shape. 
While evidence from cross-modal studies may raise doubts 
on this view, asserting that visual judgements are either 
more accurate, rapid, or less variable (Rose, Blank and 
Bridger 1972, Brown 1960, Bjorkman 1967 respectively), 
only one study existed at the inception of this research 
of visual bias effects in textural judgements (Fishkin, 
Pishkin and Stahl 1975). This study, based on the Rock 
& Victor (1964) experimental design, used a magnifying 
lens to distort visual cues to texture. The textures 
used in this study were strips of sandpapers. From 
their results Fishkin, Pishkin and Stahl (1975) stated 
that texture judgements were associated with a trend 
towards touch capture. However as reported in the 
introduction the design, analysis and reporting of the
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experiment make this finding somewhat questionable. The 
method of the study does not appear to discriminate 
between those judgements made under visual information 
only, haptic information only and the combined 
discrepant information. The textural judgements, 
analysed as those given under conditions of conflicting 
visual and haptic information, need not have been made 
under this discrepancy condition. Therefore the 
significance of the reported trend towards touch capture 
is unclear.
During the course of this research another study of this 
topic has been published (Lederman and Abbott 1981). 
This study like that of Fishkin, Pishkin and Stahl 
(1975) looked at relative bias effects of conflicting 
visual and haptic information in judgements of the 
texture of abrasive papers. This study reported that 
subjects tended to weight equally the discrepant visual 
and haptic information concerning the surface texture. 
Two factors, one methodological the other concerning the 
significance of the figures reported, may be questioned 
concerning this study.
It is unclear whether subjects believed that they were 
seeing and feeling an identical object, a feature of 
experimental design necessary for visual bias judgements 
(Millar 1972). Moreover the strength of this belief 
(assumption of unity) affects the extent of visual bias 
(Welch Sc Warren 1981). The abrasive papers were mounted 
on a divided rotating table so that different grades of
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paper might be paired for comparison. A curtain and 
metal framework were positioned in such a way that 
subjects could neither feel the join between the two 
papers nor visually or h a p t ically explore an 
inappropriate paper. At no time could subjects see 
their hands exploring the texture. Evidence that they 
were seeing and feeling the same texture was therfore 
purely circumstantial. While no subject reported being 
aware of a discrepancy the strength of the assumption of 
unity is unclear.
In the results section of the Lederman and Abbott (1981) 
paper a large significant difference is reported between 
the three conditions H-H, V-V, and VH-H. However only 
grouped data is reported and there is very high degree 
of variability in results. See Figure 6.1.
presentationmodality mean grit size of standard
mean grit size of response
haptic 60 72.33 ± 42.8
visual 150 114.33 ± 33.9
simultaneous visual and haptic
60 to touch 
150 to vision 92.67 + 31.6
Figure 6.1 Results of a study reported by Lederman and Abbott (1981)
From the paper it appears that all analyses were 
conducted on grouped data. With such large variations
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in responses meaningful comparisons of performance can 
only be made on the relative judgements of individuals 
on each of the three tasks. The significance of the 
reported equal weighting of visual and haptic 
information in the discrepancy condition is therefore 
unclear.
No studies have been published of children's behaviour 
when faced with discrepant visual and haptic information 
for texture judgements and both adult studies referred 
to above have been conducted with respect to only one 
texture namely abrasive papers. It was therefore 
decided to explore adult and preschool subjects' 
performance on a variety of texture judgements in 
situations of discrepant visual and haptic information. 
In the study reported in the previous chapter the 
effects of various factors on the extent of visual bias 
were studied. The availability of the stimulus object 
for haptic exploration during the response phase of the 
task had been a significant factor when the visual 
information was distorted by the cylindrical lens and 
approached significance with the ordinary lens. 
Receiving the visual information either monocularly or 
binocularly, while not a significant factor, did reduce 
visual bias and is a factor in depth judgements and 
conceivably therefore in texture judgements. These two 
factors were again controlled in the texture judgement 
studies with adult subjects.
Since neither the viewing condition (mono or binocular)
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nor the standard availability condition had been 
significant in previous experiments with child subjects 
they were not manipulated in this study. To render this 
study more readily comparable with others in this field, 
the stimulus texture was not made available to the 
children during the response phase of the task. Visual 
information was presented binocularly since this is a 
normal and more comfortable viewing condition for 
children, particularly in a situation such as this where 
their eye and hand positions are both fixed.
Previous studies have been based on only one texture - 
abrasive cloths. In this study it was decided to use 
four textures of varying kinds. Abrasive cloths are a 
material with which most adults are familiar and which 
are available in a range of gradations; since this is 
also the texture used in previous studies it was 
selected as one of the textures for this study.
A completely different type of texture is that of woven 
cloth. Yarn manufacturers were therefore consulted and 
two yarns of identical fibre mixtures and colour dyes 
but of different ply (thickness) were supplied. One 
yarn was twice the ply of the other. Unfortunately it 
was not possible to obtain a similar yarn of 
intermediate ply. These yarns were supplied to a weaver 
who wove the two yarns side by side on a loom so that 
the tensions and pressures would be equal on each. 
However the thinner yarn was woven with twice the number 
of warps and wefts to the square inch than were used to
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weave the thicker yarn. Thus when the cloth woven from 
the thinner yarn was viewed through a 2 x magnification 
lens it appeared identical with the cloth woven from the 
thicker yarn. In this manner two styles of weaving were 
undertaken, a conventional weave and a herringbone 
weave. The herringbone weave results in a series of 
ridges running diagonally across the cloth; this weave 
appears to have more texture therefore than the 
conventional weave. The difference between the two 
cloths resulting from the different ply yarns also 
appears to be more pronounced for the herringbone weave 
than the conventional weaves.
The fourth texture was a tapestry cloth, a rigid weave 
of stiff yarn with a fixed spacing between threads, the 
threads encompassing therefore a network of identically 
spaced and sized holes. The range of these cloths 
allowed the selection of two cloth s one of which used 
threads twice the thickness of the other and enmeshed 
holes twice the size of the other. There was also a 
cloth of intermediate yarn and hole size.
Pieces of the finest grain/weave materials were framed 
by stiff white board which were then mounted onto blocks 
for display in the apparatus. Similarly sized pieces of 
each texture were then framed in an identical way except 
that the stiff white card was then folded to form a 
sleeve to fit a board of the same thickness and width as 
that used to display the standard textures but of 
increased length, so that the two or three texture
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sleeves of each set could be mounted side by side on 
this board. By mounting the textures in sleeves, their 
positions on the response boards could be interchanged.
Subjects
Adults 32 soldiers from training units of the
RAOC and REME regiments.
Children 16 children 8 girls, 8 boys mean age
4 years 6 months, age range 4 years 1 
month to 5 years 0 months attending a 
nursery school.
Apparatus
A (as in experiment 4) for adult subjects,
C (as in experiment 4) for child subjects.
Test Materials
Various textures as described in the introduction.
Method I Adults
Subjects were randomly assigned to one of four groups. 
It was explained to the subjects that they would be 
shown some textures either visually or haptically or to 
both senses simultaneously. The textures would be 
mounted in the box, which was indicated, and they would 
be required to select from a response board, containing 
two or three similar textures, one that was the same as 
the one they had just explored. Subjects were told that 
there were two sets of each texture and that any one of
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the textures could be mounted in the display box. Each 
subject performed test condition [V]H-H and H-H in that 
order. In an attempt to overcome the adaptation 
problems referred to in chapters 4 and 5 a break was 
introduced into the test procedure after test condition 
[V]H-H by pausing to record the subjects name, camp, 
trade, and hand preference. The subject was then asked 
to perform test condition H-H.
Method ; Children
The method used for the children was similar to that 
used with adult subjects with the following exceptions
1. The box used was apparatus C rather than
apparatus A so that the children could see and
feel the objects without being forced into 
uncomfortable body positions.
2. All children viewed the textures binocularly and 
the stimulus texture was never available for 
exploration during the response phase of the 
task.
3. The tasks were presented in a game context (the
"feeling game" of studies in chapters 2 and 3
with child subjects) and simpler language was 
used. Between test conditions [V]H-H and H-H 
the child was engaged in conversation usually 
concerning playgroup activities undertaken before 
the "feeling game".
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Results ; Adults
The object of the experiment was to ascertain whether
a) Subjects were visually biased in haptic judgements 
of texture.
b) If subjects were visually biased, whether the 
magnitude of the bias was affected by the 
following factors.
i) the texture being judged
ii) availability of the stimulus texture for
haptic exploration during the response
phase of the task.
iii) vie w i n g  the texture m o n o c u l a r l y  or
binocularly.
iv) which regiment the subjects were attached 
to (singe different skills and trades were 
required by the two regiments)
A 4 (Fi) X  2 (Fii) x 2 (Fiii) x 2 (Fiv) ANOVA was
conducted on the data, factor, i being a within subject
variable and factors ii - iv being between subject
variables. None of factors ii-iv reached significance.
Factor i, the effect of the range of textures being
judged on the extent of visual bias, was significant
(f ' = 3.14, p<.05). See Figure 6.2 for mean scores. ^3,144 / ^
A Friedman two-way analysis of variance on the scores
from test condition [V]H-H was similarly significant
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3X1 = 11.04, p<.02. The tapestry cloth texture
scores showed more visual bias than scores from the 
other textures.
Condition availability of the standard ocularity armyregiment texture
Mean Available Mono REME Woven HerringboneScore
1. 51 1.56 1. 58 1. 56 1. 44
Mean Unavailable Bino RAOC Emery TapestryScore
1.64 1.59 1. 59 1.47 1.86
F Ratio 1. 37 0.11 .09 3. 14 p<.05
df 1,48 1,48 1,48 3,144
Figure 6.2 Mean scores and F ratios for each factor in the ANOVA calculation on data from [V]H-H tests.
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test Tapestry cloth textures Herringbonetextures Emeryclothtextures Woventextures
AccuratematchH-H 65% 84% 91% 83%
Matching to visual info. [V]H-H
(34%Total)51%(17%partial) 22% 23% 28%
sign test of significance of difference p< . 02 p< . 05 p< . 05 p< . 01
% showing visual bias (20 Total) 30%(10 partial ) 20% 17% '25%
Figure 6.3 Comparison of adult scores on the H-H and [V ]H-H test conditions with respect to four textures.
From the figure 6.3 it may be seen that haptic 
judgements were less accurate with respect to the 
tapestry cloth texture than any other texture group, the 
H-H accuracy being 65% with respect to the tapestry 
cloth and 83%, 84% and 91% with respect to the woven,
herringbone, and emery cloth textures respectively. The 
second row of this figure, condition [V]H-H, gives the 
percentage of subjects who haptically matched to the 
visual information in the [V]H-H test condition, whereas 
the last row of the figure gives the percentage of 
subjects who responded with a visual match in test 
condition [V]H-H and an accurate haptic match in test 
condition H-H. A sign test reveals that for each
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texture a significant number of subjects showed visual 
bias.
While results from all four textures are not directly 
comparable since the number of possible responses was 
not the same for all textures, it does appear that the 
extent of visual bias is greatest for that texture which 
is least accurately matched. This repeats the previous 
finding of an inverse relationship between ease of 
haptic matching and visual bias where the subject matter 
of the decision was size and a shape.
Having shown that texture judgements, despite 
predictions to the contrary, are visually biased, are 
they less visually biased than judgements of shape/size? 
The results available from these studies are not 
strictly comparable for two reasons. Firstly the 
psychophysical relationship between the shapes and the 
textures is unknown, however an empirical relationship 
can be established in terms of their relative ease of 
haptic matching. Secondly the shape/size judgements 
were always made with respect to three response objects 
whereas with the exception of the tapestry texture, 
texture judgements were only made with respect to any 
two possible responses. However provided that these 
limitations are borne in mind it is interesting to 
compare the two sets of results.
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Judgement % accuracy H-H test mean score [V]H-H test
Texture (2x lens)
Herringbone weave 84 1.44
Emery cloth 91 1.47
Conventional weave 83 1.56
Tapestry cloth 65 1.86
Shape 2x lens
Circle 94 1. 28
Square 94 1.25
Triangle 97 1.37
Shape 1.5x lens
Circle 84 1.52
Square 86 1.45
Triangle 73 1.71
Figure 6.4 Comparison of levels of visual bias on a range of judgements
From Figure 6.4 it may be seen that in terms of mean 
scores the texture judgements appear to be more visually 
biased than the size/shape judgements. However if 
haptic accuracy is taken into account by comparing the 
texture judgements (distortion caused by a 2x lens) with 
size/shape judgements (distortion caused by a 1.5x lens) 
the two types of judgement appear to be equivalently
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biased. In neither comparison are the texture 
judgements less visually biased than the size/shape 
judgements, as was predicted by previous authors (e.g. 
Lederman and Abbott 1981).
Results : Children 
The children found the H-H judgements of the two woven 
and tapestry cloth texture sets of equal difficulty, 59% 
of them making accurate judgements on these three 
textures. For judgements with respect to the emery 
cloth texture, 87% gave correct responses to this test 
condition. Sign tests of the difference in judgement 
between test conditions H-H and [V]H-H were significant 
for all textures.
Test Tapestry Cloth textures Herringbonetextures Emery Cloth textures Woventextures
accurate match:
H-H 69% ' 69% 87% 69%
matching to visual info.
[V]H-H 75% (50%Total(25%Partial 75% 50% 62%
sign test of significance of difference p = .01N=10 x=l p = .03 N=ll x=2 p = .01N=6 x=0 p == .055 N=10 x=2
% showing visual bias 62%(31%Total (31%Partial 56% 37% 50%
Figure 6.5 Comparison of the childrens' scores on the H-H and [V]H-H test conditions with respect to four textures.
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Comparison of Adult and Child Results
A chi-square test of the relative accuracy of adults and 
children on their scores in test conditions H-H for the 
four textures reveals that only for the woven and 
herringbone textures were the differences in accuracy 
significant. With respect to the tape s try cloth 
the children were marginally more accurate than the 
adults. In judgements of the three other textures, 
adults were marginally more accurate than the children.
Comparing the numbers of adults and children who exhibit 
visual bias in textural judgements, a chi-square test 
reveals that significantly more children than adults 
haptically matched to their visual rather than haptic 
information in test condition [V]H-H with respect to all 
four textures. This effect was less evident with the 
tapestry cloth textures, the texture which both adult 
and children were least accurate in matching.
When the behaviour of individuals rather than grouped 
data is considered, that is the number of individuals 
who accurately haptically matched the stimulus in test 
H-H arid yet haptically matched the stimulus texture to 
the visual component of the information in test 
condition [V]H-H, chi-square tests indicate that the 
difference between adult and child subjects' performance 
is significant for all textures.
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Tape-stryClothtextures Herringbonetextures Emery Cloth textures Woventextures
Haptic Judgement % accuracy
AdultsChildrensig. of difference
6569none
8469none
9187none
83 69 = 3.84
df = 1 p = .05
[V]H-H Judgements % Selecting Vm
AdultsChildrenSig of difference df = 1
34 50 'X!‘=17.2 p < . 05
2275 54p< .001
2350X =  145p < .001
2882 =^ 4.6p < .001
CV]H-H judgements % showing Visual bias or» an indivudal basis
AdultsChildrensig of difference
3050
% =  7-5
20
%/= 25
17 2550
12.3
df = 1 p < .01 p < .000 P < .01 P < .001
Figure 6.6 C o m p a r i s o n  of adult and child judgements of various textures.
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Discussion
This study has demonstrated that some subjects are 
visually biased in their haptic judgements of texture 
and suggestions by some previous authors (e.g. Lederman 
and Abbott 1981), that texture judgements are more 
dependant on the haptic information than are those for 
size or shape and therefore less susceptible to visual 
bias, were not substantiated. Comparison of size/shape 
judgements with texture judgements suggest that similar 
levels of visual bias are shown in both types of 
judgement. This finding is consistent with the evidence 
from cross-modal research that visual judgements are 
equal or superior to haptic judgements of texture (Rose, 
Blank and Bridger 1972, Bjorkman 1967, Brown 1960). 
This result does not directly conflict with the 
observations of the two previous studies with adult 
subjects in this field. Fishkin and Pishkin and Stahl 
(1975) reported a' tendency towards touch capture which 
as these authors are using the term means that subjects 
were tending to haptically match to haptic rather than 
visual information received in the conflict condition 
[V]H-H. With respect to three of the textures used in 
this study (woven, herringbone and emery cloth textures) 
the majority of the adult subjects were similarly 
haptically matching to the haptic rather than visual 
information in the conflict condition? however a 
significant number of subjects did show visual bias with 
respect to each texture. The Lederman and Abbott
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(1981) study reported equal weight being given to the 
two sources of information. With respect to three of 
the textures used in this study (woven, herringbone and 
emery cloth textures) this was not a possibility open to 
subjects. In the case of the tapestry cloth texture the 
picture is more confused probably due to the difficulty 
experienced by subjects in accurately matching the 
cloths by touch alone. However it remains the case that 
for all four textures used in this study a significant 
number of subjects, both adults and children, did 
exhibit visual bias of their haptic judgements.
It may be argued that the number of individuals reported 
to be showing visual bias is a conservative reflection 
of the situation. As discussed in both chapters 4 and 5 
the haptic judgements of some subjects adapt very 
rapidly so that they coincide with their visual 
assessments. This adaptation can apparently occur 
whether or not the subject has given a visually biased 
haptic judgement to the discrepant information in test 
condition [V]H-H. All subjects made all judgements of 
test condition [V ]H-H before judgements of test 
condition H-H. Having made non-v i s ua1ly biased 
judgements of test condition [V]H-H some subjects made 
incorrect judgements of test condition H-H. It was 
possible to retest four of these adult subjects on test 
condition H-H on a subsequent occasion, when these 
subjects had not been exposed to the discrepant 
information. All four correctly haptically matched all
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four textures on this occasion. The significance of 
this finding for an explanation of the occurrence of 
visual bias is discussed in chapter 7 page'2.ZO.
With the preschool children it was not possible to 
estimate the importance of this factor since their 
haptic matching was less accurate. Within the current 
experimental design it is not possible to overcome this 
problem if subjects were to perform task H-H before task 
[V]H-H. The prior experience of the textures may affect 
their [V]H-H judgements. If the reverse obtains, as 
here, their H-H judgements can be affected by adaptation 
resulting from exposure to the discrepant information 
condition.
The evidence presented does however suggest that the
results of this study represent a conservative estimate
of the percentage of the population who will experience 
visual bias of their haptic judgements of texture.
For both adult and child subjects the emery cloth 
texture resulted in the highest accuracy on test 
condition H-H and the lowest numbers of subjects showing 
visual bias, giving further support to the view 
expressed in previous chapters that haptic accuracy and 
visual bias are inversely related. It is illuminating 
to note that child subjects had to be encouraged to feel 
this texture since they frequently claimed that it hurt 
their fingers. These incidents highlight the fact that
the fingers of young children are far more sensitive
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than the horny hands of adult array subjects and possibly 
explains the children's superior haptic matching 
accuracy with respect to the tapestry cloth texture. 
However with the increased sensitivity of the children's 
fingers and the approximately equivalent haptic matching 
ability of adults and children it is perhaps the more 
surprising that children are more visually biased than 
the adult subjects. A variety of explanations may be 
advanced to account for this phenomenon.
1) The children exhibiting visual bias are performing 
in a typical Piagetian pre-operational fashion - 
the visual bias resulting from unimodal dominance.
We may draw an analogy here with the typical 
conservation of quantity problem. Children who 
are unable to 'take on board' the notion that it 
is the same liquid in each presentation and 
therefore the same quantity, are equally unable to 
balance the width and height of vessels containing 
the liquid. They therefore adopt the height of 
the vessel as the more salient and therefore 
important dimension and report that there is more 
liquid in the tall cylinder than the flat dish.
In the context of these studies the visual and 
haptic information are analogous to the height and 
width of the liquid containers respectively and 
the child judges the stimulus on the basis of the 
more salient visual information. The visual 
information is more salient in these studies
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because of its immediacy, its ease of 'pick up' 
and the relative ease of V-V, V-H, and H-H 
matching tasks for young children.
2) The children are less familiar with the effects of 
lenses and are less questioning and cautious 
concerning why they are being asked to look at and 
feel objects concealed in boxes. Adults however 
are more 'canny' and cautious of requests to view 
objects in boxes and adopt a problem-solving 
approach to the situation casting around and 
balancing all possible sources of information 
before delivering their judgements. Most adults 
were aware that there was a lens in the apparatus 
and would therefore make more effort to attend to 
the haptic information available and to base their 
decisions on this information. The children 
however accept the situation at face value: 
visual information is immediate, why search for 
more information?
3) It is intended to argue in chapter 7 that haptic 
judgements are made by transducing the haptic 
information to a visual representation and making 
the comparison in this representation. The 
increased number . of children over adults 
exhibiting visual bias would, on this proposition 
be explained in terms of children's inferior 
transduction experience and inferior ability to 
work with these representations..
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In the context of this explanation it is 
interesting to note that a particularly high 
percentage of children showed visual bias in their 
judgements of the herringbone weave texture 
despite equivalent HH matching accuracy with other 
textures. The her r i n g b o n e  w e ave has a 
particularly striking visual feature, a series of 
ridges running diagonally across the cloth. When 
the thinner/smaller weave is magnified this 
feature is very noticeable, both visually and 
haptically. However, unmagnified the feature is 
not particularly obvious to either sensory 
modality. Having noticed these ridges on the 
magnified thinner cloth which is the stimulus it 
is much easier to haptically discern them on the 
thicker yarn weave, thereby encouraging a visual 
match.
Explanation 3 does not exclude the possibility of 
explanations 1 and 2 contributing wholly or partially to 
the difference in performance of these two age groups. 
Explanation 3 does however have explanatory value for 
most of the results in this thesis as well as for data 
previously published by the researchers in this field 
and in the field of cross-modal transfer. This idea is 
elaborated in the theoretic^ discussion which comprises 
the next chapter of this thesis.
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CHAPTER 7 ; THEORETICAL DISCUSSION
Introduction
An initial task set for this thesis was to establish 
whether preschool children were visually biased in 
haptic judgements of the size and shape of objects for 
which they had received conflicting visual and haptic 
information. Despite biasing the experiment heavily in 
favour of a haptic judgement, preschool children were 
shown to be visually biased in these conditions. When 
the age range of the study was extended magnitude of 
visual bias was found to decrease with age. When 
judgements were made with respect to varying textures 
rather than size or shape, visual bias was exhibited by 
some subjects; adults were again less likely to show 
visual bias than were preschool children.
The factors found to significantly affect the magnitude 
of visual bias or, the number of subjects susceptible to 
bias included
1) the magnitude of the discrepancy between the 
visual and haptic information.
2) the shape of the object on which judgements were 
made
3) the ease with w h i c h  targets could be 
haptically identified
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4) the nature of the visual distortion (here the 
change in size and shape of the object rather 
than just size).
Theoretical Positions
There are three main theoretical positions on how our
senses are organized and interact:
A. That a form of the Aristotelian Sensis Communis 
exists, now conceptualized either as an area 
in the brain responsive to a variety of energy 
spectra or as the conversion of all information 
from whatever sense input into a common store of 
abstract non-verbal propositional codes (Pylyshin 
1973, ^hank and AbeIson 1977, Morton 1970). ThisA
Sensis Communis would be available from birth.
B. The Gibsonian view (1950, 1966, 1969) that amodal
features or invariant relations of the stimulus 
such as corners, straight lines, jerkiness are 
detected by any of the senses. With increasing 
age the awareness of, and/or the ability to 
extract these stimulus relations increase enabling 
the subject to more readily recognise inter- 
sensory equivalence.
C. That information is transduced from one modality 
to another, via routes established by common 
experience during development and/or by the 
mediation of language. The modality to which
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information is transduced is chosen on the basis 
of one of the following criteria:
i) the type of response required,
ii) attentional factors, 
or iii) the suitability of the modality to handle 
the information.
It is intended to argue that the results obtained from 
the studies, reported here as well as those "reported by 
other researchers using visual d o minance and 
intra/intermodal transfer paradigms are most readily 
accounted for within the framework of position C. The 
precise hypothesis proposed is that all haptic 
information, or at least haptic information with respect 
to size, shape and textural judgements, is transduced to 
a visual code.
An argument could be developed against the present 
research along parallel lines to that used by the 
Gibsonians against the constructionalists (Turvey 1975, 
1977). The stimuli used, flat pieces of plastic, do 
provide a restricted range of information on which the 
subject must make judgements. These stimuli were looked 
at and felt within a box, from which most natural 
reference cues were excluded. However, subjects did 
operate under these conditions and most subjects 
experienced no difficulty in so doing. There will be 
circumstances in which there is far more information 
available to haptically distinguish between objects 
where for example one object has a hole, protruberanee.
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or indentation. However this does not invalidate the 
model proposed; an increase in information merely 
renders the method easier to operate and more effective. 
If a hole is coded the importance of the rest of the 
object diminishes providing the other objects from which 
this object must be distinguished do not also have 
holes. There will be situations in the 'real world' in 
which haptic judgements are required where objects 
cannot be distinguished on the basis of amodal features 
due, for example to their similarity as here varying 
on only one dimension size. Although some difficulty 
may be experienced the objects are distinguished.
Equally, where conflicting information does naturally 
present itself, in trains, snow storms, cinemas - 
reactions are made and decisions taken. While these 
decisions may later be changed they present no problems 
at the moment of reaction, and decisions taken in these 
situations appear to follow the same rules as those 
taken in the laboratory.
It is possible, therefore, as in the perception 
argument, that judgements may be made on Gibsonian 
principles but where this, cannot be done, and always 
available in support, is the notion that haptic 
information is transduced and compared within a visual 
form.
Behavioural Data
It had been assumed by the author that to select a match
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haptically for a standard object from a response set of 
three the most productive strategy would be to compare 
each of the possible response objects individually with 
the standard object until a decision was reached. 
However the children being trained to make haptic 
matches both in experiment 1 and in experiment 2, where 
the use of labels was carefully avoided, appeared not to 
be using the anticipated strategy.
As previously reported (chapter 2) despite one hand 
being on the standard object and the other on the 
response board, the hand on the response board was 
ignored. The head was turned towards the hand on the 
standard object, although it could not be seen. The 
standard object was explored and only when a decision 
had been reached on size was the head turned towards the 
response board and the preselected object searched for.
As reported earlier, occasionally when the response 
board was uncovered the child indicated that his 
selection was not the one he had intended thereby 
suggesting that he knew which shape matched the standard 
but had been unable to select it haptically.
On the basis of these observations it is suggested that 
in the earlier experiments the children's strategy to 
solve this task, in some cases mediated by language, is 
as follows:-
The child developed a visual representation of the
standard object which he then compared to his
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visual memory of the response board (since the 
haptic training procedure involved all the 
possible response objects, they had all been seen 
by the subject before any tests were made) The 
child then either
a) u s e d  a l a b e l  for t h i s  d e c i s i o n  
(small/medium/large) and attempted to identify 
his selection from the response board in terms 
of this label
or
b) he transduced a visual representation for each 
response object comparing each in turn with 
his visual representation of the standard 
until a match was found.
To counteract the use of this strategy in all subsequent 
experiments, no training was given and subjects were 
unable to see the objects on the response boards before 
tests were undertaken; also, descriptive language was 
studiously avoided by the experimenter. It was 
noticeable however that when many older subjects were 
making a judgement involving a haptic comparison, they 
attempted to avert their eyes to some 'plain field' i.e. 
the floor or ceiling, or closed their eyes. This 
behaviour may be hypothesised as a strategy to minimise 
interference with the creation and comparison of 
internal, visually based representations of target and 
comparison objects. Many other subjects were also 
observed to adopt a similar strategy to that of the
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preschool children i.e. of attending solely to the 
standard and then solely to the response board, rather 
than backwards and forwards between the two.
It is suggested, therefore, that the typical strategy of 
subjects faced with the task of haptically matching flat 
pieces of plastic varying in size and shape was to 
develop a visual representation of the standard object 
which was then compared with the transduced visual 
representation of each of the response objects. Neither 
within the framework of a Sensis Communis nor the 
Gibsonian theory can a plausible explanation of these 
behaviour patterns be offered.
Adaptation Effects
The apparent adaptation effects (proposed pl43 and 
discussed p 162 ) experienced as a result of the
pairing of discrepant visual and intra and cross modal 
information wit^ -h the subsequent incorrect haptic 
judgements may be explained in terms of the conversion 
of haptic inputs to visual representations. The 
argument hinges on the relative strengths of the 
memories of the possible relationships between sources 
of information and the effort that each individual is 
willing to commit to the task of matching the objects.
To simplify the presentation of the argument, the 
scoring system used in earlier chapters is used again 
here, namely 3 = visual match, 1 = haptic match, 2 = 
compromise match. In the conflict condition the subject
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sees an object of size 3 (V^ )and feels an object of 
size 1(H^ ). There i S' thus an "experienced
relationship", RE, between and Vg, especially since
the experimental design encourages the subject to 
believe that he is seeing and feeling a single object. 
As well as experiencing this relationship, the subject 
is required to make a judgement about which object on 
the response board actually matches the standard object. 
To do this, according to the transduction theory, the 
subject attempts to transduce the haptic information 
about the standard into some kind of visually based 
representation, and it is on this representation, and , 
those visual representations transduced from the haptic 
information for each response board object, that 
comparisons and judgements are made. The actual visual 
representation of the haptic information from the 
standard which is developed will depend on a) the 
accuracy of the transduction process and b) the level of 
interference from the visual information (V ^  ) presently 
entering the subject's visual system. This "transduced 
relationship" under visual-haptic conflict
conditions, is shown in figure 7.1, together with the , 
experienced relationship R g .
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size 1,
ANSWER
Three Response Objects
Size 1f 2 and 3
COMPARATOR
Visual Representation
Haptic Information
TRANSDUCER
to
Which the subject experiences
Single Standard Object
as haptically size 1
and visually size 3
Figure 7.1 E x p e r i e n c e d  a n d  t r a n s d u c e d  relationships, R g and Rp under visual and haptic conflict conditions
As already stated, most adult subjects were aware that 
there was a lens in the systems. It is assumed 
therefore that they were attempting to ignore the direct 
visual information available to them (shown in figure 
7.1 as a dashed line) and trying to form a judgement 
solely on the basis of the haptic information.
Following the [V]H-H conflict task, the subject is next 
required to make a haptic-haptic (H-H) or visual-haptic
222
(V“H).match. The stimulus for either of these tasks is 
the same as for the conflict task. At this stage the 
subject has three courses of action (not all necessarily 
conscious).
a ) T o retransduce afresh the received haptic 
information, in which case he may be successful 
and produce an accurate size 1 match.
B) To rely (since the stimulus is haptically 
familiar) on the p re vi ou sl y established 
"experienced relationship" between H ^ and V^, 
in which case he is likely to select the size 3 
response.
C) To rely for similar reasons on the previously 
established "transduced relationship" Rij> in which 
case he is likely to select the same response 1, 2 
or 3 as in the conflict condition.
These three possibilities are shown schematically in 
Figures 7.2-7.4
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ANSWER
STANDARDOBJECT
size 1
RESPONSEOBJECTS
TRANSDUCER
COMPARATOR
Figure 7.2 Re-transduced post conflict haptic- haptic matching
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/s.
ANSWER
STANDARDOBJECT
PREVIOUS R'
size 1,2,&3
RESPONSEOBJECTS
TRANSDUCER
COMPARATOR
Figure 7.3 Effect of Rj^ on post conflict haptic haptic matching.
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ANSWER
STANDARDOBJECT
size 1
RESPONSEOBJECTS
TRANSDUCERPREVIOUSRt
or 3
COMPARATOR
Figure 7.4 Effeect of RT on post conflict haptic- haptic matching
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If the subject is conscientious and not suffering from 
adaptation, action A should result. However, if the 
subject is not conscientious or is suffering from 
adaptation action B or C will result. Whether the 
result is B or C will depend on the relative strengths 
of the memories for the and R^ relationships.
Individual differences can therefore account for why no 
significant relationship can be discerned between visual 
bias judgements and adaptation effects. The 
transduction theory is therefore able to account for the 
inaccurate haptic-haptic texture, visual-haptic and 
haptic-visual size and shape judgements made by some 
subjects after the conflict condition, which when 
retested several days later uncontaminated by the 
conflict condition were accurate.
Lens known to be Present
In all the studies conducted and reported here subjects 
have been able to directly haptically explore the object 
during the conflict presentation. The subject will 
therefore have been able to see his hand magnified 
and/or distorted (magnified in only one plane). During 
debriefing after performing the tests, most adult 
subjects(*)indicated when questioned that they were 
cognitively aware (but not sensorily aware) that a lens 
was present in the system, frequently referring to the 
appearance of their hands.
* See footnote at end of chapter 7.
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For those subjects assigned to binocular viewing 
conditions the lens was clearly visible. Those subjects 
assigned to the condition in which the standard remained 
available for haptic inspection during the response 
phase of the task when the visual information was no 
longer present, had a further chance to realise that 
their visual information was distorted. Under these 
combined circumstances the inability of subjects to 
match accurately the available haptic information 
appears unbelievable. Why then is this the case?
If the proposed theory that all haptic information is 
converted to a visual code is invoked, a plausible 
explanation of these apparently bizarre results exists. 
Although the subject is aware that his visual 
information is distorted, he is forced to look at the 
object through the lens for the whole time that he is 
haptically exploring it. Therefore while he is 
attempting to transduce the visual representation of his 
haptic information he is all the while receiving similar 
but incorrect visual information. It seems reasonable 
to argue that an accurate transduction of haptic 
information to a visual representation in these 
circumstances would be exceedingly difficult and that 
the received visual information would be expected to 
interact with the developing visual respresentation. 
This argument would also explain the inability of other 
researchers to eliminate visual bias by
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i) Instructing subjects to attend particularly to 
the haptic information 
ii) Informing subjects that the visual information may 
have been tampered with 
iii) Informing subjects of the unreliability of their 
judgements.
Further support adduces to this explanation from the 
relationship between the haptic-haptic matching accuracy 
of subjects and the number of subjects showing visual 
bias. It has been reported chapter 3, 4, 5 and 6 that 
the number of subjects showing visual bias reduced as 
haptic accuracy increased. This relationship holds both 
across and within lens conditions, for shape size and 
textural judgements, and for both adult and child 
subjects. This reported decrease in visual bias with 
increased haptic accuracy, while anticipated by some 
authors, has not been unambiguously demonstrated. 
Becker-Carus (1973) found that prior training reduced 
visual bias, but it was unclear whether the reduction 
was due solely to the increased haptic accuracy or to 
the increased attention to the haptic information 
engendered by the haptic training. Power and Graham's 
(1976) use of haptically experienced and inexperienced 
subjects (potters and students respectively) failed to 
show any difference in the extent of visual bias between 
these groups of subjects.
In the studies reported here haptic accuracy increased 
as a function of the discrepancy in size between the
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objects on the response board. For example the objects 
on the response board for use with the cylindrical lens 
were l"xl", 1"x1.2 5", 1"x1.5" , giving a stepwise
increase in surface area of 25% and a maximum variation 
in surface area of 50%, whereas the response board for 
use with the 1.5x conventional lens contained objects 
l"xl", 1.25"xl.25", l,5"xl.5" giving a stepwise increase
of the order of 50% and a maximum variation of 125%. 
The discrepancy between the response board objects for 
use with the 2x conventional lens is obviously even 
greater. As the discrepancy in surface area between the 
response board objects increases, so the likelihood of 
confusion between them decreases and the haptic accuracy 
increases. Similarly, by parallel reasoning, the 
discrepancy between (a) the observed visual information 
present when the haptic information is received in the 
conflict condition, and (b) the transduced visual 
representation of this haptic information, is also 
increased. This increased discrepancy between the 
'experienced' (R^  ) and 'transduced' (R^  ) values of the 
haptic information decreases the likelihood of confusion 
or interaction between these two relationships and 
therefore leads to a reduced incidence of visual bias. 
To summarise this argument it has been suggested that as 
the discrepancy in the surface areas of the response 
board objects increases so it is easier to develop and 
distinguish between the visual representations of these 
objects. Two situations would be anticipated to result
from this increased ability to distinguish between
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visual representations:
i) Haptic-Haptic accuracy would increase
ii) There would he less interference between different 
relationships of the haptic information and 
visual repr e s e n t a t i o n  (experienced or 
transduced) and therefore less visual bias.
Parallel lines of argument would also offer an 
explanation of the increased incidence of visual bias 
shown by children over adults, and their lower haptic 
accuracy relative to adults. If children have a poorer 
ability to develop the visual representations and to 
distinguish between them then this would lead to lower 
levels of haptic accuracy and a higher incidence of 
visual bias, since they would be more likely
a) to accept the observed visual information as 
equivalent to the haptic information
and/or
b) to suffer interference between the observed 
visual information and the visual representation 
being transduced.
The greater facility with visual codes that adults might 
be assumed to have renders them less susceptible to the 
traps of (a) and (b) above.
Cross Modal Results
The proposed theoretical model could also offer some 
explanation for the relative difference in the abilities
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of children and adults on the various inter and intra- 
modal tasks.
The usual order of difficulty of the intra and inter- 
modal tasks for adult subjects with geometrical objects 
is VV>VH = HV = HH. However, when the stimuli for these 
studies are nonsense forms the order reverts to that 
shown by children of W>VH>HV>HH.
Adults are fully familiar with the geometrical shaped 
objects typically used in intra/intermodal studies 
whereas young children are not (or at least much less 
so). It is realistic to argue that it would be easier 
to transduce haptic information to a previously 
encountered visual form than to a non-encountered visual 
form. In either case visual to visual comparisons are 
found to be easiest.
According to the proposed theory 
the V - V task requires 0 transductions
V-H & H-V tasks require 1 set of transductions 
H - H  task requires 2 sets of transductions
Therefore at this stage of argument the anticipated 
order of difficulty would be V - V easiest, H - H  most 
difficult, with the cross-modal tasks being of 
intermediate difficulty.
The order of task difficulty of the two intra-modal 
tasks would not be expected to change with styles of 
presentation although the tasks could become of equal
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difficulty if for example the stimuli were very 
dissimilar but familiar objects, when the transduction 
to visual codes and the comparison of these codes would 
become very straightforward.
However the relative difficulty of the two cross-modal 
tasks might be expected to vary with presentation style. 
Where the standard is not continuously available for 
inspection and therefore its form must be committed to 
memory, it might be anticipated that the H - V  task 
would be more difficult and/or less accurate than the 
V - H  task, since it would involve a transduction of 
information rather than direct input being held in 
memory.
Variations in the results of specific experiments may be 
explained in terms of other factors such as
1) Whether the subject had previously seen the 
stimuli used i,n the experiment, so that the visual 
codes to be transduced were already known.
2) The presence/absence of striking features such 
as corners which could assist in distinguishing 
between the objects.
These predictions are largely borne out by the results 
of published cross-modal studies summarised by Jones 
(1981) and reproduced in Figure 1.1. In the context of 
this argument some comments published by researchers 
studying the intra/inter-modal matching abilities of
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preschool children are particularly cogent.
Abravanel (1972) "When both tactual and visual 
information are present the tactual information is 
ignored".
Millar (1971) "Visual facilitation ....preschoolers 
match three dimensional shapes better by touch when both 
visual and tactual information were present at input".
Rudel and Teuber (1971) referring to children's ability 
to make intra or intermodal judgements. "What appears 
to be of maximum aid to the normal child, even on the 
intermodal task, is whether or not he gets a chance to 
look at the standard stimulus or the stimulus array 
before he is asked to recognise it in any other 
modality".
Lobb (1970) "learning shapes by vision improves subsequent 
discrimination by,- touch".
The inability of subjects to match dot patterns cross- 
modal ly (Shaffer & Howard 1974) may also be accounted 
for along these lines of argument, since it would be 
ant i c i p a t e d  that the d e v e l o p m e n t  of a visual 
representation for an unseen dot pattern would be 
exceedingly difficult.
Visual versus Semantic Encoding
As has been argued in the introduction a variety of
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strategies is available to subjects engaged in both 
inter/intra-modal and visual dominance studies. 
Subjects have individual preferences for modalities and 
styles of processing and it would be surprising if all 
subjects used the same strategy and/or retained the same 
strategy throughout all the tasks.
Linguistic coding could obviously be a useful strategy 
to employ, however its value would depend on at least 
two factors,
1) Knowing the dimension along which the 
response objects are going to vary from the 
standard object.
2) 'Suitable language being available to discriminate 
the objects.
Where the response set consists of only three objects 
varying in size the terms small, medium and large could 
be adequate; however if the response set consists of 
more than three objects a continuous rather than 
discrete coding system is required and a linguistic 
strategy is less valuable. Similarly if the standard 
must be coded before the response set is known, then it 
must again be coded absolutely, which may require an 
extremely elaborate, large, and complicated number of 
propositions.
Research evidence suggests that size, at least, is coded 
continuously rather than discretely (Moyer & Bayer 1976,
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Paivio 1971, 1975, Sekular & Nash 1972). Even in studies
where semantic codes are being encouraged (Moyer & Bayer 
75), when the assigned names of different sized circles 
were being compared, reaction time evidence suggests 
that subjects were in fact c o m p a r i n g  visual 
representation of circles to establish which was larger. 
Evidence from numerous studies (Glushko & Cooper 1978, 
Shepard & Podgorn y 1977 Paivio 1971, Seymour 1979) 
suggests that the complexity of the stimulus does not 
affect size judgements and that a visual code which 
emphasises global properties like a gestalt is available 
and is completely different from the semantic logical 
codes. Indeed Lockhead (1972) argues that perceptual 
processing of shapes can involve two stages, the first 
essential stage involving pictorial coding and therefore 
global & holistic while the second optional stage 
involves semantic analytic coding.
Evidence which Conflicts with Proposed Theory
Having explored evidence from a variety of sources which 
supports the hypothesis that all haptic information is 
converted to a visual code, what evidence conflicts with 
this proposition?
O'Connor & Hermelin (1978) report three studies which 
demonstrate that tasks were performed in the modality of 
presentation and could therefore be independant of the 
visual system. One of the studies was concerned with 
haptic matching and is therefore relevant to these
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discussions. It also demonstrates some of the problems 
involved in making categorical statements about modality 
organization on the basis of groups of isolated studies 
each of which may be best approached by a different 
strategy.
Subjects were presented with two-dimensional cutouts and 
were asked to indicate whether the associated missing 
piece would fit the gap or not. The pieces were fixed 
and could not be moved. There were three groups of 
subjects; congenitally blind, blindfolded normally 
sighted, and normally sighted subjects. The blind and 
blindfolded subjects were found to perform this task 
equally badly, whether the missing piece was rotated or 
not.
O'Connor & Hermelin(1978) concluded, since the blind or 
blindfolded subjects performed this task equally badly, 
that visual information was not involved either directly 
or in a facilitating way. However, as has been stated 
on several occasions not all tasks are best accomplished 
by the same strategy. The stimulus shapes for this task 
were very angular. The identification and labelling of 
specific features followed by a search for their 
presence or absence on the other puzzle piece might be 
the most efficient strategy for this task.
It would have been interesting for the purposes of the 
current hypothesis if a further group of subjects had 
attempted the task, this group comprising blindfolded
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normally sighted subjects who had previously had the 
opportunity to explore visually the major pieces of the 
puzzle. This prior visual experience would have 
assisted in the visual coding of the haptic information. 
O'Connor & Hermelin (1978) comment themselves that "the 
shapes used were complex, irregular, and not familiar" 
and therefore it could be the case that no ready visual 
images of them were evoked by the blindfolded subjects 
on the basis of haptic exploration.
The proposed hypothesis that haptic information is 
converted to and compared in a visual representation 
form has been shown to have explanatory value for three 
classes of data.
1) the qualit ative performance (behaviour patterns) 
of subjects engaged in the experiements
2) the quantitative performance (task scores) of 
these subjects
3) the results of other published research.
It has been suggested that the Gibsonian position 
(theoretical position B) has explanatory value in some 
but not all circumstances, but does not exclude the 
simultaneous operation of the proposed version of the 
transduction theory (theoretical position C). The 
'Sensis Communis' position (theoretical position A) 
would have explanatory value for the data discussed if 
it were assumed that vision is the Sensis Communis. 
However, for this position to hold, vision would have to
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toe the sense to which information from all other senses 
would be converted and by implication vision, would 
dominate all other senses. Research literature suggests 
that neither fact nor implication are true.
While numerous reports exist in the literature of visual 
capture of sound and touch where there are spatial 
elements to the task such as pointing to the location of 
a whistling kettle, or locating a sound with eyes open 
rather than eyes shut, there is no evidence that when 
the task is a temporal one vision affects audition. In 
fact the reverse is the case: the study of Regan &
Spekreisje (1977 ) shows that while the rate of 
perceived visual flicker from a light source flashing at 
constant rate is driven up or down according to the 
speed of auditory flutter from an independç.nt sound 
source the rate of visual flicker had no effect on the 
perceived rate of auditory flutter. Further O'Connor & 
Hermelin (1973) demonstrated that when the temporal and 
spatial order of a digit memory task were incongruent, 
subjects were four times•more likely to recall the 
temporal order than the visual order.
Hence while there is considerable evidence that for 
sighted people spatial information is converted to a 
visual form, other evidence suggests that temporal 
information is converted to an auditory form. These 
results would suggest that at least two codes with some 
interface between them are required, a difficult or 
i m p o s s i b l e  situation for the Sensis C o m m u n i s
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(theoretical position A) to accommodate.
Perhaps more damaging to Sensis Communis theory is its 
inability to account for visual bias. If vision is the 
Sensis Communis and information from all senses is 
converted to a visual form, subjects should become aware 
of any discrepancy which exists between information from 
the various senses, and should experience a sensory 
conflict. While subjects report being aware of 
the presence of distorting mediums, few report sensory 
conflict. Even when aware of the full experimental 
details of sensory conflict tasks one is never aware of 
sensory conflict, objects feel as they look, or are 
heard where they are seen. Only by physically 
alternating between the two sources of information can 
one become sensorily aware of the discrepancy.
In the light of these arguments it was decided that a 
direct test of the transduction hypothesis should be 
undertaken. If, as the hypothesis proposes, haptic 
comparisons are made by transducing the haptic 
information to a visual representation then haptic 
judgements made in the presence of a visual interference 
task would be expected to be less accurate and/or slower 
than those made in the presence of an aural task of 
equivalent difficulty. The testing of this hypothesis 
is the subject of the next chapter.
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* Of the 32 soldiers whose visual information had been 
distorted by the cylindrical lens two admitted being 
unaware of the lens and I suspect one other subject had 
been unaware. S i m i l a r l y  with respect to the 
conventional lens, of the 128 array subjects three 
admitted being unaware of the lens and I was dubious of 
two of the subjects' denials.
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CHAPTER 8 : VALIDATION OF PROPOSED MODEL
INTRODUCTION
A corollary of the transduction hypothesis is that 
subjects' performance on a haptic task will deteriorate 
if they are required to perform simultaneously a visual 
discrimination task. Since two tasks are naturally more 
difficult to perform than one, it is necessary to 
include as a control condition performance on the same 
haptic task but in the presence of a similar task of 
equivalent difficulty involving another modality. 
O'Connor and Hermelin (1978) have argued that spatial 
tasks are coded visually and temporal tasks auditorily. 
In the light of this argument the most efficient test of 
the transduction hypothesis would be to compare 
performance on a haptic task combined with a visual 
spatial task with that on the same haptic task but 
combined with an auditory temporal task. To facilitate 
a meaningful comparison between haptic abilities with 
either a visual or auditory interference task, these two 
interference tasks should be of equivalent difficulty. 
These tasks should engage the subject's attention 
continuously, minimising the opportunity for him to 
alternate his attention between the haptic and the 
interference task rather than performing them 
simultaneously (of which man is perfectly capable 
(Neisser 1976)). Sufficient timing accuracy, control 
and speed of presentation of the interference tasks 
could only be achieved with a computer-controlled
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presentation. A PET microcomputer with a sound 
interface was therefore programmed to present the 
interference tasks and to record subjects' reaction 
times and errors.
Visual Interference Task
The visual presentation field on the PET comprised a 5 x 
5 array of squares, each 5mm x 5mm and each capable of 
being i l l u m i n a t e d  white or remaining black. 
Presentations were developed which met the following 
restrictions.
1) Each presentation had 10 of the 25 possible 
squares illuminated.
2) Illuminated squares were contiguous, either 
orthogonally or diagonally.
3) The pattern formed by the illuminated squares was 
not readily nameable.
Fifteen patterns were prepared to this specification and 
piloted on colleagues in the psychology department. Two 
of the patterns were easily confused and one was 
nameable. The twelve remaining patterns used in the 
experiment are drawn in figure 8.1.
These patterns were presented to the subject in an 'ABX' 
format, that is, the subject was shown two patterns one 
after the other followed by a repetition of one of these 
two patterns. The subject's task was to identify by
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pressing one of two switches which of the initial two 
patterns was repeated. As soon as the subject responded 
a new ABX sequence began.
Each pattern was assigned a number from 1-12, The 
computer selected a random number between 1 and 12 and 
then presented the appropriate pattern (pattern A) for 
500msec in the middle of an otherwise blank screen. 
During this presentation a different number between 1 
and 12 was randomly selected. At the end of the 500msec 
the screen was cleared and the new pattern presented at 
the same location (pattern B) for 500msec. During the 
presentation of pattern B the computer randomly selected 
either the number 1 or 2. After 500msec the screen was 
cleared. If the number 1 had been selected, pattern A 
was reproduced at this location; if the number selected 
was 2, then pattern B was similarly displayed. 
Whichever pattern, now pattern X, was reproduced, it 
remained on the screen for 500msec. Between the end of 
the 500msec display period and the subject's response 
the screen was blank.
To respond the subject was required to press a foot 
switch. Pressing the left foot switch indicated that X 
= A, pressing the right foot switch indicated that X = 
B. Discussion with subjects during the piloting trials 
of the experiment indicated that most subjects preferred 
this combination of foot switch and presentation than 
vice versa. Timing of the subject's response began from 
the moment of presentation of the X component of the 
sequence.
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Immediately after the subject's response, a bar 5mm high 
X 30mm long was presented in the middle of the screen 
for 167msec to indicate the beginning of a new sequence 
of patterns, and a fresh sequence of ABX was then 
presented. The bar was included in the sequence as a 
result of piloting experiments, since if the subject 
lost track of the sequence he would then know when a new 
sequence of three presentations was beginning.
Auditory Interference Task
When the sound interface or 'music box' is connected to 
the PET the machine may be programmed so that when 
numbers between 50 and 255 are entered with the
computer, notes are issued from the music box.
The first auditory task which was designed required the 
computer to play single notes according to the ABX
format used in the visual task. Although note B in any
ABX presentation sequence could not be closer than 3 
tones to note A, piloting established that subjects 
found this task very much more difficult to perform than 
the visual task.
The auditory presentation was therefore modified to 
present 3-note tunes within the 500msec periods rather 
than individual notes. This change was also considered 
advantageous since the new auditory task was now more 
clearly a temporal one to contrast with the spatial 
visual task. Therefore, if temporal tasks are coded
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auditorily and spatial tasks visually, as O'Connor & 
Hermelin (1978) suggest, then the tasks as designed 
should require these different coding procedures.
The auditory task therefore became as follows. Twelve 
3-note tunes were constructed so that each group of 
notes contained not only different absolute notes but 
also different musical intervals between notes (see 
figure 8.2). Each note group was assigned a number from 
1-12. The computer randomly selected a number between 1 
and 12 and then played the appropriate note sequence 
(sequence A), each note in the sequence being played for 
167msec. At the end of the note sequence there was a 
100msec silence. During the presentation the computer 
selected a different number between 1 and 12. After the 
silence the note group appropriate to the new number 
(sequence B ) was played, again followed by a 100msec 
silence, during which the computer randomly selected 
either A or B. After the silence, sequence A or B (i.e. 
now sequence X) was repeated. After all of the three 
notes of the sequence had been played, a single note was 
played to indicate the end of an ABX presentation. This 
single note continued until the subject responded.
The response required was identical to that for the 
visual interference task, i.e. depressing the left foot 
switch if sequence X was the same as sequence A and the 
right foot switch if X = B. After the response a new 
ABX presentation was begun immediately. Timing of the 
subjects' response began at the commencement of the 
third note of the X component of the ABX sequence.
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Haptic Tapk
Both the stimuli and the task used in this study were 
those used in the experiments previously reported. It 
was hoped in this way to assist in integrating the 
results from previous studies. The subject was 
presented with one stimulus shape and was required to 
find a matching shape from a response set of three. The 
subject did not see any of the objects until he had 
completed the experiment since previous visual knowledge 
of the objects could (1) aid transduction to a visual 
representation (2) encourage a visually based strategy. 
This was considered a more critical test for the 
transduction hypothesis - i.e. with no visual 
encouragement or help would subjects still use a 
visually based strategy?
Stimulus Object Sets
square/rectangles^ (1) l"xl", l"xl.25", 1 "xl. 5"
(2) 1"xl", 1.25"xl.25", 1.5"xl.5"
(3) 0.6"x0.6", l"xl", 1.2"xl.2"
triangular (4) l"xl", l"xl.25", 1 "xl. 5 " (breadth
xhe ight)
(5) l"xl", 1.25"xl.25", 1.5"xl.5"
(6) 0.6"x0.6", l"xl", 1.2"xl.2"
circular/ellipsoid (7) 1" diameter, 1"xl.25", 1" x 1.5"
(8) 1", 1.25", 1.5" diameter
diamond (9) l"xl", l"xl.25 " ^ l"xl. 5"
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The shape within each shape set which was selected as 
the standard was randomised across subjects. The 
arrangement of the response shapes on the response board 
was randomized within subjects across shapes. The first 
two shape sets presented were always shape sets 2 and 8. 
(Experience from previous studies suggested that 
subjects found it easiest to distinguish between these 
shape combinations and it was thought advantageous to 
encourage subjects in what appears a daunting task by 
giving them the easiest shape sets first!). Thereafter 
the order of presentation of shape set was randomized 
across subjects.
The standard and response shapes were mounted in an 
identical manner to that used in all preceding 
experiments i.e. on 2" of ,5" diameter wooden dowel. 
The surfaces of the objects and a strip of the dowel had 
been coated with conducting paint so that when the 
object was touched a circuit was completed and a record 
could be kept of which object was being touched by the 
sub j ect-f for how long contact was maintained. The 
objects were mounted in holes 4" apart in wooden boards 
which connected the conducting paint strips on the 
dowels to a recording circuit (see Appendix 5) which in 
turn was connected to the microcomputer. The objects in 
the board were placed in a box the back of which was 
closed across the bottom half and open across the top 
half so that the experimenter could observe the haptic 
activities of the subject. This ensured for example
251
that the subject was not handling the objects before 
being required to do so, or regularly touching two 
objects simultaneously. The top third of the front of 
the box was covered so that the subject could not see 
the objects in the box.
It was explained to the subject that he was required to 
explore the standard object with only his left hand and 
the response objects with only his right hand (his left 
hand never touching the response objects and his right 
hand never touching the stimulus object). This 
restriction was introduced to counter the strategy used 
by one subject in piloting trials who moved his hand 
very rapidly from one object to the next, forming a 
judgement on the basis of passive tactual impressions. 
Subjects were also requested not to touch two objects 
simultaneously to encourage coding and storage of 
information for the comparison. (It was however 
accepted by the experimenter that this simultaneous 
touching would occur occassionally since although it was 
possible to minimize its occurrence it was not possible 
to eliminate it.)
SUBJECTS
25 students of the university taking courses in the 
psychology department. The results from 5 subjects were 
lost where a disc used to store the experimental data 
could not be accessed. Of the remaining 20 subjects, 8 
were male and 12 female.
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METHOD
Subjects were welcomed and seated in front of the 
computer monitor. Between them and the monitor was a 
table on which stood the box containing the stimulus and 
response boards. The haptic task that they were 
required to perform was explained to them. Then, 
showing the subject an object (not one used in the study 
but mounted in an identical way), it was explained that 
it was the size or shape of the object, i.e. the extent, 
that was to determine an object match. Subjects, were 
told that the objects had been coated with 
electrically conducting paint so that when an object was 
touched a circuit (see appendix 5) was completed, from 
which the computer could record which object was being 
touched and for how long. It was further explained that 
for this circuit to work it was necessary for the 
subjects to be earthed. An electrode was therefore 
attached to the subject's inside lower arm and thence to 
the earth on the power supply. The exact nature and 
result of this earthing was demonstrated to any nervous 
or skeptical subjects.
Subjects were then informed that while they were 
performing the haptic task they would also be required 
to undertake an auditory or visual task. Whichever task 
they were to undertake first (balanced across subjects) 
was then explained to them. Subjects were then asked to 
perform twenty trials of this auditory or visual task 
alone as fast as possible while still being accurate.
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If the subject made more than three errors in the twenty 
practice trials these practice trials were repeated. No 
subjects were required to repeat the practice trials 
more than once.
Instructions to the Subjects Given After the Practice Trials
"I now want you to do this visual/(auditory) task at the 
same time as finding a haptic match for the standard 
object in the box. Obviously it isn't easy to organize 
yourself to do the two tasks simultaneously, however you 
must retain your response rate to the visual/(auditory) 
task even if this makes you slower on the haptic task or 
unable to do it. Your task, therefore, is to find a 
haptic match to the stimulus object as fast but as 
accurately as possible but at all times retaining your 
response rate on the visual/(auditory) task. So that I 
have a base line measure of your speed of response on 
the visual/ (auditory) task I want you to do 10 of these 
trials on their own before trying to combine them with 
the haptic task. The computer will count the trials and 
signal you to begin doing the haptic task by sounding a 
bleep on the music box (or on the auditory trials by the 
screen going blank). As soon as you decide on the 
haptic match say "got it" (or words to that effectli). 
Take your hands off the objects and stop working the 
foot switches".
The subjects then performed the combined haptic and 
visual/(auditory) task with respect to three shape sets.
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The other interference task was then introduced, 
explained and practice trials undertaken as before. 
This combination of haptic and auditory/(visual) task 
was then undertaken with three more object sets. The 
first task combination, i.e. haptic visual/(auditory), 
was then reverted to for the final three object sets. 
The object sets were then reintroduced in the same order 
but with the other interference task. In this way each 
haptic task was performed with both the visual and 
auditory interference tasks. Each subject therefore
performed 18 haptic tasks. When the haptic judgements
rhad been made on all shape sets with both interference 
tasks, the subjects were asked to complete a Vividness 
of Visual Imagery Questionnaire (Marks 1973) - see
appendix 4..
One month later when subjects' memory of the objects had 
faded they were asked to return and to perform the 
haptic component of this task unimpeded by the 
interference tasks. Shape sets were presented in the 
same order as had previously been used for each subject.
Experimental Procedure
1. Subject assigned to experimental condition : i.e. 
visual or auditory interference task first.
2. Haptic task explained.
3. First interference task explained
4. First interf e r e n c e  task practice trials
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performed. If more than three errors are made 
within the 20 trials then practice trials 
repeated.
5. Experimental instructions given.
6. Subject performs haptic task on three object sets 
with first interference task.
7. Second interference task explained.
8.) Stages 4 and 5 repeated with second interference task )9.) and three new object sets.
10. Stage 6 repeated with last three objects sets.
11. Retaining the same order of presentation of shape
sets for the haptic task, steps 6, 9 and 6
repeated so that each subject matches each shape 
set twice - once with a visual interference task 
and once with an auditory task.
12. Subject completes imagery questionnaire.
13. Wait one month.
14. Subjects asked to return and repeat the haptic 
task alone, object sets being presented in the 
same order.
Data Recorded
With respect to the interference tasks:-
1) Whether the interference task was visual or
auditory.
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2) Which shape/note sequence was presented first, 
second, third
3) Time from presentation of the third shape/note 
sequence to the subject's response.
4) Whether the response was correct.
With respect to the haptic task:-
1) Shape set presented
2) Shape presented as stimulus
3) Location of each shape on the response board
4) Whether the shape selected as a match to the 
standard was correct.
5) The time each object exploration lasted.
6) The time taken to perform the haptic task only for 
each object shape set.
Data Computed
If just one of measures reported below (e.g. the total 
time for the joint haptic/interference task), was found 
to vary significantly between the two interference 
conditions, there might not be a single unequivocal 
explanation of this result. Therefore several measures 
were taken, and computed, with the expectation that 
several (or no) measures would show similar variation 
between the two conditions, thereby enabling a single 
unequivocal explanation to be offered for the pattern of 
results enabling the proposed hypothesis to be accepted
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or refuted. The measures selected were:
1) The average response time across the ten 
interference trials which commenced each haptic 
trial.
2) The total time for the joint haptic/interference 
task.
3) The total time that the subject actually touched 
the objects of the haptic task.
4) The number of trials of the interference tasks 
taken by each subject for each haptic match.
5) The average response time for the interference 
task during the joint haptic/interference task 
phase of the procedure for each shape.
6) The percentage increase in response time for the
i n t e r f e r e n c e  t a s k  d u r i n g  the j o i n t
haptic/interference task phase of the procedure,
as compared with the response time for the(5)-(l) X 100 . interference task alone i.e. (1)
7) The product of the percentage increase as in (6) 
above and the number of trials as in (4) above. (A 
further measure of the time to perform the haptic 
task alone.)
8) The percentage increase in error rate in the joint 
haptic/interference phase of the procedure over 
the error rate in the interference task alone.
9) The percentage increase in haptic matching time in 
the joint haptic/interference phase of the
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procedure over the haptic matching time when no 
interference task was included.
RESULTS AND DISCUSSION
1. The Relative Difficulty of the Auditory and Visual Interference Tasks.
Since the critical factor of the experiment is the 
relative ability of subjects to make haptic 
judgements while simultaneously performing these 
interference tasks it is imperative that the 
relative difficulty of these interference tasks be 
known.
This factor was considered in terms of two 
measures, time to respond and error rate. The 
factor was also considered from two standpoints.
a) the relative difficulty of the two inteference 
tasks for each subject when he first 
experienced them
b) the relative difficulty of the two 
interference tasks for each subject 
throughout the experiment.
la. The average times to respond to the first ten 
auditory (T^) and first visual (T^ ) trials were 
computed for each subject. A 2(presentation 
sequence, auditory or visual presentation first) 
X  2 (V or A interference) ANOVA was applied to
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these measures, and to the number of errors 
committed on the auditory and visual tasks. The 
presentation sequence factor, a between subject 
variable, was not significant with respect to 
error rates but was significant with respect to 
response times (F^^q ==5.07, p =  0.05). See
Figure 8.3.
Presentation sequence Auditory Visual
A then V V then A task task
Mean response time (seconds) 5.512 7.032 6.315 6.228
Mean number of errors 0. 70 0. 90 0.85 0.75
Figure 8.3 Mean values calculations for factors in for data from the ANOVAfirst10 trials on each interference task (auditory and visual) attempted by each subject
Since there is no reason to believe that either 
presentation sequence (AAAVVVAAAVVVAAAVVV as 
opposed to VWAAAVWAAAWVAAA) should be easier 
than the other, it is concluded that the two 
groups into which subjects were divided were not 
equally able to perform these tasks, the second 
group being consistently slower to respond. 
Data was therefore not combined across these two 
groups and this factor was retained in all 
subsequent analyses.
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The A or V interference factor (within subject 
variable) was not significant -fç— =— r0-5-) with 
respect to either response time or number of 
errors and there were no interference effects. 
Thus, it is reasonable to assume that, by 
themselves, the auditory and visual interference 
tasks were of equivalent difficulty.
lb Average response times were calculated for the
first ten auditory or visual trials which
i m m e d i a t e l y  p r e c e d e d  e a c h  j o i n t
haptic/interference task, giving eighteen scores
per subject. A 2 (presentation sequence,
auditory or visual task first) x 2 (auditory or
visual interference task) x 9 (trial number)
ANOVA was conducted on these measures (N.B.
factors 2 and 3 are within subject factors).
Only the first factor, presentation sequence,
was significant (F = 13.38 p<.001) see1,18
Figure 8.4. There were no significant
Presentation sequence Auditory Visual
A then V V then A task task
Meantime response (seconds) 4.922 6.083 5 . 610 5.397
Mean number of errors 0.40 0. 70 0. 56 0. 59
Figure 8.4 Mean values for factors in ANOVA calculations for data from the baseline trials which preceded each combined haptic and interference task
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interference effects. This finding was 
interpreted in the same light as above. In 
general, however, the analysis confirms that the 
auditory and visual interference tasks remained 
of equivalent difficulty throughout the 
experimental procedure.
2. The Relative Effect of Each of the Two Interference Tasks on the Haptic Task Efficiency
To establish whether the visual and auditory 
interference tasks were having differential effects 
on the subject's ability to perform the haptic 
component of the task, a 2 (presentation sequence of 
the interference task) x 2 (A or V interference 
task) X  9 (object set for the haptic task) ANOVA was 
conducted on the following measures
i) the total time to complete the joint haptic
interference task.
ii) the total time spent by each subject
actually touching the objects on which the 
haptic task was performed.
iii) the percentage increase in the response
time to the interference task when 
performed simultaneously with the haptic 
task rather than alone.
iv) the number of presentations of the
interference task responded to while 
completing the haptic task.
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v) the percentage increase in error rate on 
the interference task when performed 
simultaneously with the haptic task rather 
than alone.
vi) the number of errors on the haptic task.
measure
mean score for each measure with each interference task F ratio(see text) Auditory Visual df = 1,18
i 32.078 sec 36.455 sec 30.59p< .001
ii 17.253 sec 22.427 sec 49.09p< .001
iii 94.9 84.9 0.65notsignificant
iv 7.1 8.7 2.16notsignificant
V 14.6 18.8 1.71notsignificant
vi 0.23 0.26 0.41notsignificant
Figure 8.5 F ratios and mean scores for both auditory and visual interference tasks on each measure considered.
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2(1) Results by Factor Within the Above ANOVA
2.1.a) Presentation Sequence of the Interference Task (Between subject)
None of the measures approached the p = .05 
level of significance on this factor.
2. l.b) Auditory or Visual Interference Task (within subject)
Measures i) and ii) above reached a high level 
of significance on this factor, i.e.
i) Time to complete the haptic task while 
responding to the interference task 
(F = 30.59, df = 1,18, p< .001).
ii) Total time spent by each subject 
actually touching the objects on which 
the h a p t i c  task was p e r f o r m e d  
(F = 49.09, df = 1,18, p<.001).
For both measures response time was longer 
with the visual interference task rather than 
the auditory one; a table of means is given in 
figure 8.5. No other measures reached the 
p = .05 level of significance on this factor.
From these results it may be concluded that 
the auditory and visual interference tasks are 
having a differential effect on the time 
subjects take to solve haptic matching tasks. 
Since the mean response time to the haptic
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task with the visual interference task was 
greater than the mean response time with the 
auditory interference task it may be concluded 
that with respect to response times (i.e. not 
error rates) the visual task is having a 
significantly greater interference effect on 
the haptic task than is the auditory task.
2.1.c) Object Shape for haptic task (within subject)
Measures i,ii,iv,v reached significance on 
this factor
i .. .. .. (F = 2.18, df = 8,144, p<.05)
ii .. .. .. (F = 1.95, df = 8,144, p<.05)
iv .. .. .. (F = 2.9, df = 8,144, p<.01)
V .. .. .. (F = 2.7, df = 8,144, p<.01)
The object set (detailed page 250 ) on which 
the haptic task is being performed is having a 
significant effect on response times to and 
error rates on the haptic task. This finding 
is analysed and discussed further on 
page 2 7 8.
2.1.d) Interaction Effects
Significant interaction effects occurred only 
for measure (vi), the number of errors on the 
haptic task (f  ^ = 3.7, p<.001).
To facilitate an understanding of these
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interactions, graphs of haptic error rates 
arising from the combination of the haptic 
task with both the visual and auditory 
interference tasks against object set were 
plotted for each presentation set. The plots 
reveal an anomalous situation in which object 
sets that show disparate error rates with 
respect to the interference task on one 
interference task presentation sequence 
continue to do so on the other interference 
task presentation sequence, but in a reverse 
direction with respect to the interference 
task. The author is unable to explain why 
this should be so; however, the measure taken 
here, i.e. whether the haptic decision is 
correct or incorrect, is too crude a measure 
for this statistic (ANOVA), non-parametric 
statistics being more suitable. However, 
since ANOVA was being correctly applied to all 
the other measures the statistic was applied 
to this data for completeness.
2(2) Discussion
The differential effect of the visual and auditory 
interference tasks on the response time to the 
haptic task is significant at p <.001 for both 
measures 2 and 3, the percentage difference in 
times being respectively 14% and 30%. (The 
response time being longer with the visual
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interference tasks). It would therefore be 
expected that at least one of the other time 
related measures, (4, 6, or 7 page 258) would also 
be significant.
The time taken to complete the haptic task, is made 
up of two factors
1 ) the time taken to make the haptic match. 
This is assumed to be constant for each 
object set, as it is the differential effect 
of the visual and auditory interference 
tasks on this constant that is being 
explored.
2) the time taken to respond to each 
interference trial presentation and the 
• number of these trial presentations.
Therefore since it does take longer to respond to 
the haptic task with a visual as opposed to an 
auditory interference task, then this increased 
time should be accounted for in terms of one of 
these measures or some as yet unconsidered factor.
One possible explanation for this lack of 
significance among the other measures is related to 
subjects' strategies. The strategy of some 
subjects may have been to increase the period 
between presentations of the interference task and 
their response which would therefore decrease the
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number of presentations of the interference task 
(measure 4); while other subjects may have 
maintained (or more closely maintained) their 
response rate to the interference tasks. Subjects 
could also maintain the same strategy for both 
interference tasks or use different strategies for 
the two tasks. When the data is grouped, these • 
various strategies could combine to nullify any 
observable differential effect in either measure.
Graphs of the number of presentations of the 
interference task against percentage increase in 
response time to these interference tasks were 
plotted for each subject. It was found that 
between them subjects had used the full range of 
the possible permutations of strategies, although 
most subjects had remained faithful to one strategy 
throughout the experiment.
To overcome ,the problem of variations in strategy, 
another measure, the product of the number of 
interference tasks responded to and the percentage 
increase in response time to the interference tasks 
presented with the haptic task rather than alone, 
was calculated and run in a 2 (presentation 
sequence) x 2(A or V interference task) x 9 (haptic 
object set) ANOVA. None of the factors was found 
to be significant, and there were no significant 
interaction effects. This approach does not 
therefore explain the inconsistencies in the 
results.
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A second explanation could arise from the time
taken to present the two interference tasks. The
time from the beginning to the end of the
presentation could be greater for the visual than
the auditory task. To assess this possibility the
computer was programmed to present and time three
sets of fifty presentations of both the auditory
and visual interference tasks. Comparison of the
time taken to present these fifty presentations
showed a maximum of 0.28 seconds between the
longest and shortest total presentation time. In
all cases the auditory presentations took longer
than the visual presentations. Again this second
explanation does not explain the incompatability of
the results pattern. It was finally realised that ■fe,^actual explanation of the inconsistencies revolved 
round the starting point for timing of responses to 
the two conditions.
Both the auditory and visual tasks comprise three 
components namely A, B and X each 500msecs long.
A B X
In the initial piloting trials, timing of subjects' 
responses began at the end of the X component of 
the task i.e. at point 4 above. However there were 
occasions when subjects responded to the tasks 
before the presentation was completed and therefore
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before the computer was 'looking' for a response. 
The timing was therefore changed. Timing for the 
visual interference task was begun immediately upon 
presentation of the X component i.e. point 3. 
However timing for the auditory task was begun only 
after the third note of the X component of the task 
had begun. i.e. at point 3b below.
A B X
3a 3bJ______I__
Note 1 Note 2 Note 3
Since each note was played for 167msecs, timing of 
the auditory task was beginning 3 34msecs later than 
the visual task. This realisation lead to a 
reworking of the data and a rerun of the ANOVA 
calculations relating to
a) the relative difficulty of the auditory and 
visual interference tasks.
b) the percentage increase in time to respond 
to the interference task when done together 
with the haptic task as opposed to alone.
Exactly what times should be equated for the two 
interference tasks presented some difficulty.
Looking now specifically at the X component of the 
task and remembering that the timing of the visual 
task begins at point 3, which point of the auditory
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task should be equated to it, 3, 3a, 3b or 4? As 
soon as the X component of the visual task was 
presented all of the information to solve the task 
was available. Consideration of the note patterns 
(page 248) constituting the tunes reveals that in 
99% of the presentations a decision could be made 
on the basis of the first note of the three that 
comprise the X component of auditory task. 
Therefore a strong case can be made for starting 
the timing for both the auditory and visual tasks 
at point 3. However to ensure that the result was 
not biased towards the hypothesis the timing of the 
auditory response was begun at the beginning of the 
second note in X component of the task. i.e. point 
3a, the point at which all tunes were uniquely 
defined. 167msecs was therefore added to each of 
the auditory response times. It should be noted at 
this juncture that although this altered timing 
procedure will affect some measures it does not 
affect the total time taken to complete the joint 
haptic interference task or the total time which 
subjects touched the objects. Both these measures 
have already shown that the haptic task in the 
presence of a visual interference task takes 
significantly longer to perform than when 
accompanied by an auditory interference task.
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3. Relative Difficulty of Auditory and Visual Inter­ference Tasks (adjusted auditory response times)
a) The relative difficulty of the two
interference tasks for each subject when he 
first encountered them.
A 2 (presentation sequence A or V task first)
X  2 (A or V interference task) ANOVA revealed
both factors to be significant but with no 
significant intractions; presentation 
sequence factor(p^ = 5.05, p <. 0 A or V
interference task factor (f  ^ g^ = 32.13,
p<.00^. (For means see figure 8.6.)
b) The relative difficulty of the two
i nterference tasks for each subject 
throughout the experiment.
A 2 (presentation sequence A or V task first)
X  2 (A or V interference task) x 9 (trial
number) ANOVA revealed only the first two 
factors to be significant. No interaction 
effects reached significance: presentation 
sequence factor (f ^  “ 16.69 p<.00l); A or V
interference task (f^  g^ = 80.16 p<.00^. See 
Figure 8.6 for means.
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mean time to respond to the Presentation Sequence Auditory Visualinterftasks (seconds) A then V V then A task task
when first encountered 8. 707 7. 178 9.098 6.228
throughout the experiment 6.670 7. 935 8.735 5.870
Figure 8.6 Mean values of factors in ANOVAcalculations to determine the relative difficulty of the auditory and visual interference tasks.
Discussion
As would be expected, the presentation sequence 
factor remains significant; the increase in the 
significance of this factor in analysis (b) arises 
from the correction of a small error in the data 
matrix which was revealed during the earlier 
checking and reworking of the data.
The response times to the auditory tasks are now 
significantly longer than the response times to the 
visual task. Since there was no significant 
difference in the error rates on responses to the 
two tasks, it may be concluded that subjects found 
the auditory task more difficult than the visual 
task when they began the experiment and that this 
difference in difficulty remained throughout the 
experiment.
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4. The Relative Effect, of Each of the Two Interference Tasks on the Haptic Task Efficiency Judged in Terms of Measure 6
(The percentage increase in time to respond to the 
interference tasks when performed simultaneously 
with the haptic task rather than alone, adjusted 
auditory times.)
A 2(presentation sequence A or V task first) x 2 (A 
or V interference task) x 9 (haptic task set) ANOVA 
was conducted on the data for the above measure. 
Only the A or V interference factor reached 
significance F ^  = 33.6 p<.001 (mean auditory
value = 79.8, mean visual value = 166.5). There 
were no significant interaction effects.
This result is as predicted in the discussion of the 
pattern of results prior to the adjustment of the 
auditory data. Since there was no significant 
difference between the number of presentations of 
the auditory and visual interference tasks 
undertaken while performing the haptic matching 
task, the significant increase in time to perform 
the combined haptic-visual task or the combined 
haptic-auditory task must come from a greater 
increase in response time to the visual interference 
task than the auditory interference task when -fe-h-e-n- 
they are each combined with the haptic task. For 
completeness another 2 x 2 x 9  ANOVA (as above) was 
conducted on measure 7, the product of the 
percentage increase in time as above and the number
274
of presentations of the interference task responded 
to while completing the haptic task. Again as 
predicted the difference in value for the auditory
and visual interference tasks is significant 
F = 41.2, p<.001 (mean auditory value = 409,1 I lo
mean visual value = 1356). No other factors or 
interactions were significant.
How were the auditory/visual tasks combined with the 
haptic task? If it is the case, as is being 
proposed, that haptic information is converted to a 
visual representation, then when a haptic task is 
undertaken it could be expected that the visual task 
would interfere more with the haptic task than would 
the auditory task, which is shown to be the case by 
the measures reported above. In this experiment, 
the more the visual task interferes within the 
haptic task the less likely is the subject to be 
able to combine the two tasks. Indeed if:-
Time for the haptic decision alone = H
Average time for the auditory decision alone = At
Average time for the visual decision alone =
Total time for the combined auditory/haptic task
^AH
Total time for the combined visual/haptic task =
Number of presentations of the auditory task =
Number of presentations of the visual task = Xy
then the time (S^) taken to complete all the tasks
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in a serial fashion with the auditory interference
tasks is given by S ^  H, and with the
visual interference tasks ( ) is given by
= V^.X^ + H. However, if the values of and
S^ are computed they are both found to be longer
than either C or C . Therefore the two tasks AH VH
are being combined - the only possible outcome of 
this experimental design other than failure to 
perform either of the combined tasks.
Further support for the hypothesis would be given if 
the discrepancy between the actual time to complete 
the combined haptic and interference tasks and the 
time to complete the tasks in serial fashion was 
less for the visual than the auditory interference 
task. T o t h i s e n d
C - (Xt + H)(AH or VH)
; (Xt + H)
was calculated for the auditory and visual 
interference tasks for each subject and haptic task. 
A 2 (presentation sequence) x 2 (A or V interference 
task) X 9 (haptic shape set) ANOVA was conducted on 
this measure. No factors or interactions were 
significant.
Discussion
While this result does not support the proposed 
hypothesis it should be considered in the context of
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two other factors
i) by the nature of the task set to the subject, 
he must combine the haptic and interference 
tasks or fail in the haptic task. The 
interference task was designed to leave the 
subject no time free from attending to the 
interference task. The patterns or tunes 
came one after the other, as soon as the 
subject responded to one sequence a new 
sequence began. The subject knew that his 
response rate on the interference task was 
measured at the beginning of each trial and 
that his primary task was to maintain this 
response rate. If his response rhythm slowed 
or failed the experimenter said 'press' (i.e. 
respond by pressing the foot switch) 
immediately and again everytime a response 
was required for the next few cycles until 
the response rhythm was re-established. The 
subject was therefore forced to combine the 
interference and haptic tasks or to fail on 
the haptic task.
ii) The two interference tasks were not of equal 
difficulty for the subjects. The auditory 
task was s i gnificantly (p <.0 01) more 
difficult than the visual task as measured by 
the mean percentage increase or time for the 
auditory task over the visual task. The
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hypothesised differential effect in combining 
a haptic task with a visual task as opposed 
to an auditory task was based on the 
hypothesis that solution of the haptic task 
depends on the use of a visual code and would 
therefore render the visual-haptic 
combination more difficult than the auditory- 
haptic combination, with no interaction being 
anticipated between the auditory and haptic 
tasks. However since the auditory task was 
so significantly more difficult than the 
visual task the sought interaction effect 
between the visual and haptic tasks may be 
overshadowed by or equal to the problems 
involved in combining the haptic task with 
the much more difficult auditory task.
5. Effect of the Shape of the Objects for the Haptic Task on the Relative Ability to Perform that Task with Visual and Auditory Interference Tasks
The ANOVA reported in section 2.1.c) of this chapter 
indicated that the nature of the object set for the 
haptic task was having a significant effect on the 
time to c o m p l e t e  the combined haptic and 
interference tasks. To study these effects two
approaches were adopted. Graphs were plotted of 
object set against performance and a 2 {presentation 
sequence) x 2 (A or V interference task) x Q (the 
number of variations of size and/or shape within an 
object set) ANOVA was conducted for each shape group
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i.e. circles, diamonds, squares and triangles on the 
time data for measures 2 & 3 i.e. the total time 
taken to perform the joint haptic-interference task 
(2) and the total time that subjects were actually 
touching the object (3). Only for the triangular 
and diamond shape sets did any of the time factors 
reach the (p = .05) level of significance:
triangular shape set = 17.5, p<.001; diamond
shape set F^ = 5.0, p = .05. A possible
explanation for this finding is that a circular and 
square shape set (numbers 2 and 8, page 250 ) were 
always the first shape sets presented. The 
triangular shape sets, which in all the studies 
conducted with adult subjects for this thesis had 
been more difficult for subjects to distinguish 
between than the circular or square shape sets, were 
presented randomly among the remaining presentation 
orders. Therefore only the data for the three shape 
sets (numbers 4, 5, 6) which comprise the triangular
group are uncontaminated by presentation order 
effects. However, if as is proposed, haptic 
information is transduced to a visual representation 
for comparison purposes, it would be anticipated 
that the more difficult the haptic comparison the 
more a simultaneous visual task might be expected to 
interfere with it. The graphs (Figures 8.7 and 
8.8) indicate that this situation obtains with 
respect to the triangular shape sets. When the 
haptic task is combined with both the auditory and
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Figure 8.7 Mean total times taKen to perform the haptic
task for each object set under three test conditions.
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Figure 8.8 Mean times of contact between subjectand object sets under three test conditions
visual tasks, the response time decreases as the 
time taken to perform the haptic task alone 
decreases; however the combined haptic-visual task 
decision time decreases more rapidly than the 
haptic-auditory response time across the decrease in 
haptic difficulty.
Relationship between Haptic Efficiency and Imagery Score
The potential range of scores on the Vividness of 
Visual Imagery Questionnaire (Marks 1973) is between 
16 and 112. The scores of subjects used in this 
experiment fell within a very restricted range (62- 
84) and no relationship between these scores and any 
of the measures of subjects' abilities to perform 
the joint haptic and visual auditory tasks could be 
discerned.
In the light of the controversy concerning visual 
imagery (Fodor and Pylyshin 1981, Kosslyn 1981, 
Pylyshin 1981, Turvey et al 1981) and the restricted 
range of scores obtained this line of investigation 
was not explored further.
Summary
1. The results have shown that when a haptic task is 
combined with a visual task it takes longer to 
complete the haptic task than when the same haptic 
task is combined with an auditory task.
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2. While the difference in the time taken to complete 
the haptic task in the presence of the auditory 
and visual tasks was highly significant (p<.001), 
it may be predicted that had the two interference 
tasks been equally difficult, rather than the 
auditory being significantly (p<.001) more 
difficult than the visual task, their differential 
effect on the haptic task would have been even 
more significant.
3. From the pattern of results it may be concluded 
that the strategy of subjects was to work on the 
haptic task at the same time as making their 
decisions on the interference tasks, since the 
difference in the number of presentations of the 
visual and auditory interference tasks did not 
reach the (p = .05) significance level, whereas 
the percentage increase in time to re^sond to the 
interference tasks in the presence of the haptic 
task rather than alone was highly significant. If 
the reverse strategy or a combination of these 
strategies had been utilised, more presentations 
of the interference tasks would be anticipated.
4. Within the triangular sets of object shapes the 
order of difficulty of haptically matching in the 
presence of interference tasks parallels the order 
of difficulty in matching these sets in the 
presence of a conflicting visual image, as well as 
the order of difficulty in matching them when
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u n e n c u m b e r e d  by these various forms of 
interference. It should also be noted that as the 
haptic task increases in difficulty, so the 
relative effect of the auditory and visual tasks 
becomes marked, the visual interference task 
having progressively more effect than the auditory 
task.
5. A visual task is interfering signfic antly more 
with a haptic task than does an auditory task of 
greater difficulty. It may be concluded therefore 
that the 'visual apparatus' is involved in haptic 
matching.
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CHAPTER 9
CONCLUSION
Before this research began it was known that adults 
achieve a unified percept by a process of visual capture 
(Rock and Victor 1964), when faced with conflicting 
visual and haptic information for the size and shape of 
an object. The haptic information appears to be 
recalibrated to be commensurate with vision, with little 
or no conflict being experienced. However the 
literature contains opposing reports on the reactions of 
children to these conditions. For example Locke and 
Page (1977) reported that children did not display 
visual bias in these conditions, while McGurk and Power 
(1980) reported that they did.
The initial aim of the present research was to resolve 
this conflict and to establish whether young children do 
display visual .capture or visual bias of haptic 
judgements following exposure to conflicting visual and 
haptic information. An associated aim was that the 
study be designed so that if visual bias was observed it 
could not be dismissed as an artifact of the experiment. 
The resulting experiments 1 and 2 clearly demonstrated 
that despite all attempts to bias the experimental 
procedure against a visual judgement, preschool children 
exhibited a strong visual bias of their haptic 
judgements when presented with conflicting visual and 
haptic information for object size and shape.
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The behaviour of preschool children on experiments 1 and 
2 differed from previously reported behaviour of adults 
in similar experimental circumstances. The children 
were apparently showing less visual bias than adults. 
However the present experimental design (i.e. that used 
with child subjects) laid far more stress on the 
availability of haptic information to subjects than 
those studies conducted hitherto. Results from the 
present studies were not directly comparable therefore 
with those reported on other age groups. Experiment 3 
was conducted using the same experimental design as 
experiments 1 and 2 to establish how visual bias varied ' 
with age. It was found that visual bias occurred across 
the age range 6 years to middle age, however the extent 
of visual bias decreased with increasing age.
Results of experiment 3 also revealed that visual bias 
was inversely related to haptic discriminability. 
Judgements had been made with respect to four shape sets 
and the easier the haptic discriminability within the 
shape set, as evidenced by accuracy of haptic matching, 
the lower was the visual bias of haptic judgements 
following the conflict presentation. These results were 
confirmed by the results of experiments 4 and 5 in which 
the visual distortion was caused by conventional lenses 
of 1.5x and 2x magnification and judgements were of size 
alone (rather than the judgements of size and shape with 
distortion caused by a cylindrical lens in experiments 
1, 2 and 3). In all situations, regardless of age of
284
subject, the easier the haptic discriminability of the 
object sets the lower the extent of visual bias 
displayed, a fact suspected but not substantiated by 
previous authors.
Numerous authors (e.g. Gibson 1933, Lederman and Abbott 
1981) have suggested that neither size nor shape 
judgements are typically made on the basis of haptic 
information alone but that texture judgements are 
quintessentially haptic. These authors predict that 
there would be no visual bias of haptic textural 
judgements. This prediction was refuted by experiment 5 
since some subjects did show visual bias of haptic 
textural judgements. The extent of visual bias was, 
however, reduced when the discrepancy between the visual 
and haptic information in the conflict condition was 
increased (Experiment 4).
Regardless of how the visual distortion was caused 
(cylindrical or conventional lens) or of the nature of 
the judgements (texture, size or shape), children 
consistently displayed more visual bias than adults. It 
was suggested that the increased haptic information 
provided in the experimental procedure used in the 
-present— studies supplied more cues than in previously 
reported research designs to alert subjects to the 
unnatural circumstances in which they were being asked 
to make their judgements. With increasing age subjects 
are more aware of this abnormal situation and in 
consequence are more likely and more able to adopt a
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problem-solving approach to the tasks presented. 
Increasing the discrepancy between the haptic and visual 
i n f o r m a t i o n  and using materials more readily 
discriminated by touch than vision serve to heighten 
awareness of the unnatural circumstances and hence to 
encourage the use of a problem-solving approach to the 
tasks. However, while the problem-solving approach may 
have enabled adult Subjects to take into account more 
aspects of the information available to them and thereby 
to reduce the influence of the direct visual 
information, adults were still unable to totally 
eliminate visual bias of their haptic judgements. 
Increasing the discrepancy between the visual and haptic 
information provided to young children also served to 
decrease visual bias. However the lowest level of 
visual bias displayed by the child subjects was still 
greater than the highest level displayed by adult 
subjects.
A theory has been presented which proposes that most 
haptic judgements involve the transduction of the haptic 
information to a visual representation and that all 
comparison and decision processes are conducted on that 
visual form of the information rather than on the direct 
haptic information.
This theory has been shown to have explanatory value for 
the reported order of difficulty of inter- and intra- 
modal visual and haptic tasks both for the adaptation 
effects examined in experiments 3 and 4 and for the
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robust nature of the visual bias effect itself as well 
as for other res earch in the field of intermodal 
organisation such as adaptation.
The reported order of difficulty of inter and intra- 
modal visual and haptic tasks (VV>VH>HV>HH) can be 
explained by the theory in terms of the number of 
transductions that the information must undergo before 
comparison of the stimulus and response objects is 
undertaken. The easiest task would involve V~V matching 
since this task requires no transductions of the 
information. Cross modal tasks would be of intermediate 
difficulty between V-V and H-H tasks each requiring one 
transduction of the information, while H-H tasks would 
be the most difficult, involving two transductions of 
information. Where a sequential or successive 
presentation / response format is used, H-V tasks would 
be anticipated to be more difficult or less accurate 
than V-H tasks,,' since in the former task it is a 
transduced visual representation which must be stored 
for comparison rather than the direct visual information 
of V-H task.
According to the theory, visual biasing is the natural 
outcome of subjects’ attempts to transduce the haptic 
information to a visual form in the presence of similar 
(but different) direct visual information. Within the 
conflict paradigm, the subject is required to look at a 
visual d i s t o r t i o n  of the object w hich he is 
simultaneously required to explore haptically and
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subsequently to match haptically. According to the
transduction theory haptic information is compared and
stored in the form of a visual representation. By the
nature of the task, however, the subject must develop
this visual representation in the presence of different
but similar direct visual information. The more similar
are these two types of information, the more likely is
the occurrence of an interaction between them, with the
resulting increase in size of the developed visual
representation. Therefore when required to identify
whether the stimulus object matches the response object
equivalent to the original haptic or original visual '
size, or a compromise, the subject is more likely to
select a compromise or visual match than a pure haptic
match. This proposal should not be interpreted as
indicating that visual bias is solely an artifact of the
experiment which produces it. Subjects are aware of the
intrusive nature of visual information when making
haptic judgements and attempt to minimize its effect by
various means such as closing their eyes, averting the
oreyes to some plain field such as a ceiling floor, or 
defocusing the eyes (glazed expression! ).
Both from the model and from the above explanation of 
visual biasing it follows that the ability to perform a 
haptic task will be more impaired by attempting a 
simultaneous visual task than by a simultaneous auditory 
task of equivalent difficulty. This prediction was 
tested and substantiated by experiment 6 in which
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subjects made haptic judgements while simultaneously 
performing visual-spatial and auditory-temporal 
discrimination tasks. Despite the auditory task proving 
to be considerably more difficult than the visual task, 
the haptic task took longer to perform and involved more 
errors when performed simultaneously with the visual 
task than with the auditory one. The proposed theory is 
compatible with the Gibsonsian theory of perception in 
the view that the recognition of amodal features would 
facilitate the identification, both inter or intra- 
modally, of objects in the visual and haptic modalities. 
However the transduction theory goes beyond the 
Gibsonian theory in providing explanations of matching 
where Gibsonian theory is inapplicable. Such situations 
occur where an absolute rather than relative 
identification must be made i.e. where the information 
from an object must be stored before the amodal features 
critical for its future identification are known, or 
where all of the Objects involved in a task vary along a 
single dimension. Gibsonian theory is unable to account 
for the ability of people to perform these tasks whereas 
transduction theory provides such a framework since it 
proposes that all aspects of the haptic information 
are converted to the visual representation and are 
therefore stored in an absolute form.
Whether the theory offered here applies to infants or 
children younger than three years of age has not been 
directly investigated. It would be anticipated that
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without prior experience of the relationship between 
haptic and visual information infants would be unable 
to, or experience difficulty in, transducing haptic 
information to a visual form.
Intra- and intermodal visual-haptic matching has been 
achieved with infants between six and twelve months of 
age (Bryant, Jones, Claxton, and Perkins 1972, Ruff and 
Kohler 1978, Gottfried and Rose 1980, Gottfried, Rose 
and Bridger 1981). This can be accommodated within the 
present theory since infants in this age group have had 
the opportunity to learn the relationship between visual 
and haptic knowledge. It should be noted that in all 
these studies the object sets used had pronounced 
dissimilarities which would have aided recognition 
either on the present or the Gibsonian Model. The 
object sets used in the Gottfried et al (1980, 1981)
studies were a star and circle, or hexagon and egg-timer 
shape; whereas Bi;yant et al (1972) were successful only 
with a complete and incomplete ellipsoid in which a 
rectangular cut out section had a completely different 
form to the curved remainder. The second shape set used 
by Bryant et al (1972) was a complete or incomplete cube 
where the cutaway section had the same form as the 
remainder. The infants were unsuccessful in 
distinguishing these shapes.
The present model has more difficulty however in 
explaining the results of the Meltzoff and Borton (1979) 
study in which infants as young as 22 days old were
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reported to identify by means of vision pacifiers with 
or without knobs previously explored orally. However 
the differences in the objects used were again 
pronounced. Even at this age infants have had 
considerable experience and opportunity to see objects 
they have just mouthed and to mouth objects they have 
just seen. It would therefore be reasonable to argue 
that there is a learned relationship between visual and 
haptic (oral) knowledge and that it develops before a 
relationship between visual and haptic (manual) 
knowledge. To clarify this issue it would be necessary 
to repeat this experiment with new born infants.
There are a number of outstanding issues in the field of 
intermodal organisation towards which the present 
methodology and theory may contribute significantly. 
Consider the problem of young children's inability to 
perform haptic-haptic identifications (Abravanel 1972). 
According to the 'transduction theory subjects who had 
the opportunity to see objects before being required to 
match them haptically would be quicker and more accurate 
on this task. Comments in the literature support this 
view. If, as predicted, haptic matching is facilitated 
in this way, then in- turn children may learn to use more 
readily the adult strategy, of transduction to a visual 
r e p r e s e n t a t i o n  when confronted with haptic 
identification tasks where no prior visual information 
was available, rather than the random or apparently 
ineffective strategies normally adopted by young
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children. A test of this view could he conducted using 
four groups of preschool children and two sets of 
objects both of which were novel to the children. The 
haptic matching ability of subjects would be tested on 
one object set that had previously been seen and one 
that had not. Four groups of subjects would be required 
to ensure that any differences in ease of matching 
between the two sets could not be explained in terms of 
non-equivalent discriminability or order of task 
effects. The model would predict that subjects who had 
visual experience of objects before being asked to 
haptically match them would find the haptic matching 
task easier as judged in terms of accuracy and possibly 
of speed.
Within the format of the above study the relative 
validity of the proposed and Gibsonian models may also 
be assessed. It may be argued that according to the 
Gibsonian model prior haptic or kinesthetic experience 
(i.e. tracing the outline of the shapes with a stick) 
would be of equivalent value to the visual experience in 
directing the attention of subjects to the amodal 
features of the objects. Therefore further groups could 
be included who had prior haptic and/or kinesthetic 
experience of the objects rather than visual experience.
Consider also the relationship between visual bias and 
adaptation. The model proposes that adaptation occurs 
as a result of a previously experienced relationship 
between the visual and haptic information.
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The haptic information evokes in the subject either the 
memory of the visual form initially experienced with 
that haptic information or the memory of the visual 
representation transduced for that haptic information in 
the conflict presentation. Either of these pairings 
occurs in preference to the subject starting from 
scratch, transducing the haptic information to a visual 
form and comparing the fresh visual representation 
directly. If this explanation is correct, it would 
follow that the adaptation observed will be specifically 
related to those objects involved in the conflict task 
and not of the general nature associated with the term 
adaptation as used in the literature. It follows from 
this argument that this adaptation effect should not be 
observed for objects unrelated to those used in the 
conflict tasks. Subjects who show the adaptation effect 
with objects previously used in the conflict task could 
be tested again with a new object set completely 
unrelated to those in the conflict task on which these 
subjects should show no adaptation effects.
Before this research began the existence or extent of 
changes in the intermodal organisation of the visual and 
haptic modalities during the course of development was 
unknown. Hypotheses that the haptic sense develops 
prior to the visual sense, indeed that touch taught 
vision, suggested that in the early stages of life the 
haptic sense would be dominant in any hierarchical 
organisation of the senses. In adulthood it was known
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that vision dominated, or at least biased, the haptic 
sense, although the range of circumstances in which this 
hierarchical relationship held, why it occurred or 
indeed if it was just an artifact of the experiments 
which demonstrated it, were unclear. Similarly, the 
developmental path between intermodal organisation in 
infancy and adulthood was equally unclear and had 
attracted little research.
The present research has established that visual bias of 
haptic judgements occurs across all age groups from 
preschool children to adulthood. While the youngest 
child tested (aged 2 years 5 months) demonstrated visual 
bias, the experimental design was not suited to test the 
behaviour of children younger than this and therefore 
the intermodal organisation of infants cannot be 
addressed.
It has been shown that visual bias decreases with age 
instead of increasing, as other authors have initimated. 
Results from this research suggest that this is not 
necessarily due to a change in intermodal organisation 
but to an increasing realisation with age that all in 
life is not as it initially appears. The increasing 
'canniness' that comes with age is accompanied by the 
ability to seek out and act on all sources of 
information available.
Visual bias of haptic decisions has been shown to occur 
with a wide range of stimuli varying in both texture and
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shape, over a range of size and type of discrepancy, and 
in situations where most adult subjects were aware that 
the visual information they were receiving was distorted 
by a lens. No circumstances could be found in which 
haptic bias of visual judgement occurred. It is argued 
that by showing the existence of visual bias in such a 
wide range of circumstances, the notion that visual bias 
is an artifact of the experiment that produces it is 
refuted.
As a result of the present research a theoretical model 
of how haptic matching occurs has been proposed and 
successfully tested. From this model both the visual 
bias of haptic decisions and the wide range of 
circumstances in which this phenomenon occurs can be 
explained. The model also has explanatory value for the 
results from intermodality transfer studies, accounting 
for the specific orders of difficulty of the various 
intra- and interqodality transfer tasks which previous 
research has established, as well as why these abilities 
increase with age.
.....
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APPENDIX 1 TEST CONDITIONS
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Notes
1. Before any tests began it was explained to subjects 
that there were two identical sets of objects; one 
set would be mounted on the response board, the 
other set was available to the experimenter. Any
.one of the experimenter's object set could be 
mounted in the box as the object for identification 
by the subject.
2. Subjects were encouraged to haptically explore the 
objects with the finger and thumb rather than with 
the palm of the hand.
3. Exploration time for the standard object was 
approximately five seconds.
4. In experiments where the standard object remained 
available to the subjects throughout the response 
phase of the task, the subject was reminded that he 
could continue to feel the standard object for 
comparison purposes.
5. The subject was asked to explore all the response 
objects before indicating his selection.
Haptic - Haptic (H-H)
The subject was asked to place his hand into the box and
feel the object which was to be the standard for the
test. He was encouraged to actively explore the object
with the finger and thumb for five seconds. The subject
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was then asked to place his other hand under a black 
cloth which covered the response board and to explore 
each of the three objects he would find there. His task 
was to identify which of the three objects on the 
response board felt the same as the object he had just 
explored
Visual - Haptic (V-H)
The standard object was shown to the subject. The 
subject was then asked to haptically explore the 
response objects (as in H-H above) and to identify the 
object which was the same as the one he had just seen.
Visual/Haptic - Haptic ([V]H-H)
The subject was asked, and if necessary shown how, to 
take hold of the stimulus shape, so that he might 
simultaneously haptically and visually explore the 
stimulus object Vithin the box. In experiments where 
the stimulus remained available to the subject 
throughout the response phase of the task (Experiment 1, 
la, 2, 3) the subject was asked to stop looking at the 
object after five seconds but to retain hold of it; 
where the stimulus was not to remain available in the 
response phase the subject ceased both looking and 
feeling after five seconds. The subject was then asked 
to haptically explore the response board objects with 
his other hand (as in H-H above) and to identify the 
object which was the same as the one in the box.
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Haptic - Visual (H-V)
The subject was asked to haptically explore the standard 
object in the box (as in H-H above). The subject was 
then asked to point to the object on the uncovered 
response board (which he was not allowed to touch) which 
was the same as the object in the box.
Visual/Haptic - Visual ([V]H-V) ;
This test condition was conducted in a similar way to 
the [V ]H-H test condition, however in the [V]H-V 
condition subjects pointed to the object on the 
uncovered response board which was the same as the one 
in the box (as in H-V above).
Visual (not through the lens) to visual (V-V)
This test condition was conducted as for the V-H 
condition except that the response board was uncovered 
and subjects were asked to point to the selected object.
Visual (through the lens,, as indicated by [V] ) to Visual ([V]-V)
The subject was asked to view the standard object 
mounted in the box but not to touch it. After five 
seconds he was asked to point to the matching shape on 
the uncovered response board.
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APPENDIX 2 SUMMARY OF STATISTICAL ANALYSES
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CHAPTER 4
Source of variance SS df MS F P
Between Subjects
age (.A) 0.10 3 0.03 0.075 NSsex (B) 2.45 1 2.45 6.13 < . 05A X B 0. 85 3 0. 28 0.7 NSsubjects 29.10 72 0.40
Within Subjects
Shape (C) 3.68 3 1. 23 5.13 <01A X  C 3.73 9 0. 41 1.71 NSB X  C . 13 3 0.04 0.17 NSA X  B X  C 2.87 9 0.32 1. 33 NSA X  B X  C X  subjects 52. 10 216 0. 24
Table 1 Age x Sex X  Shape ANOVA for H-H resultsChapter 4.
Source of variance SS df MS F P
Between Subjects
age (A) 14. 26 3 4. 75 4.13 < .01sex (B) 0.20 1 0. 20 0.17 NSA X  B 1.88 3 0. 63 0. 55 NSsubjects 82.85 72 1. 15
Within Subjects
Shape (C) 5.66 3 1.89 4. 97 <.01A X  C 3.76 9 0.42 1.11 NSB X  C 3.03 3 1.01 2. 67 <.05A X  B X  C 1.2 9 0. 13 0. 34 NSA X  B X  C X  subjects 81. 35 216 0. 38
Table 2 Age x Sex x Shape ANOVA for [V]H-H results Chapter 4.
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Source of variance SS df MS F P
Between Subjects
age (A) 14. 26 3 4. 75 3.65 < .05sex (B) 4.05 1 4. 05 3.12 NSA X  B 4. 63 3 1. 54 1. 18 NSsubjects 93.75 72 1. 30
Within Subjects
Shape (C) 1. 46 3 0. 49 0. 79 NSA X  C 7.06 9 0. 78 1. 26 NSB X  C 2. 88 3 0. 96 1.55 NSA X  B X  C 3.15 9 0.35 0.56 NSA X  B X  C X  subjects 133.45 216 0. 62
Table 3 Age x Sex X  Shape ANOVA for (CV]H-H) -Hresults Chapter 4.
Source of variance SS df MS F P
Between Subjects
age (A) 13.86 3 4. 62 4. 36 <.01sex (B) 0. 38 1 0. 38 0. 36 NSA X  B 10. 56 3 3. 52 3. 32 <.05subjects 76. 58 72 1. 06
Within Subjects
Shape (C) 1. 58 3 0. 53 2.65 < . 05A X  C 2.13 9 0. 24 1. 20 NSB X  C 0. 33 3 0. 11 0. 55 NSA X  B X  C 1. 69 9 0. 19 0.95 NSA X  B X  C X  subjects 43. 53 216 0.20
Table Age X  Sex x Shape ANOVA for [V]H-V results Chapter 4.
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Source of variance SS df MS F P
Between Subjects
age (A) 12. 91 3 4. 30 3.14 < .05sex (B) 0.90 1 0. 90 0. 66 NSA X  B 6. 08 3 2.08 1. 48 NSsubjects 98. 72 72 1.37
Within SubjectsShape (C) 0. 88 3 0. 29 0. 64 NSA X  C 8. 73 9 0. 97 2 .16 < .05B X  C 0. 81 3 0. 27 0. 60 NSA X  B X  C 3 . 55 9 0. 39 0,87 NSA X  B X  C X  subjects 96. 78 216 0. 45
Table 5 Age x Sex X  Shape ANOVA for ([V]H-V)--Hresults.
Source of variance SS df MS F P
Between Subjects
age (A) 26. 42 3 8.81 5.37 < .01sex (B) 0.01 1 0. 01 0.01 NSA X  B 2. 90 3 0.97 0. 59 NSsubjects 118.41 72 1.64
Within Subjects
Response Modality '(C) 26. 81 1 26 . 81 47 .04 <.001A X  C 1. 70 3 0.57 1.00 NSB X  C 0. 56 1 0. 56 0.98 NSA X  B X  C 9. 53 3 3 .18 5. 58 < . 01A X B X C X subjects 41.01 72 .57
Shape (D) 5. 34 3 1. 78 5. 55 < . 001A X  D 2. 39 9 0. 27 0.84 NSB X  D 1. 40 3 0.47 1.47 NSA X  B X D 1. 70 9 0.19 0. 59 NSA X  B X  D X  subjects 68. 54 216 0. 32
C X  D 1. 90 3 0. 63 2. 42 NSA X  C X  D 3. 50 9 0.39 1. 50 NSB X  C X  D 1. 95 3 0. 65 2.50 NSA X  B X  C X  D 1. 18 9 0.13 0.50 NSA X  B X  C X  Dxsubjects 55.34 216 0. 26
Table 6 Age x Sex X Response modality x ShapeANOVA for [V]H-H Sc [V]H-V resultsChapter 4.
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Source of variance SS df MS F P
Between Subjects
age (A) 1.41 3 0.47 2. 35 NSsex (B) 0.11 1 0.11 0.55 NSA X  B 0.21 3 0.07 0. 35 NSSubjects 14. 15 72 0. 20
Within Subjects
Shape (C) 1. 54 3 0. 51 3 . 92 < .01A X  G 2. 74 9 0.30 2.32 <.05B X  C 0. 24 3 0.08 0. 62 NSA X  B X  C 0. 54 9 0. 06 0.45 NSA X  B X  C X  subjects 28.45 216 0. 13
Table 7 Age x Sex x Shape ANOVA for V-H resultsChapter 4.
Source of variance SS df MS F P
Between Subjects
age (A) 1.48 3 0.49 1.29 NSsex (B) 1.12 1 1. 12 2.95 NSA X  B 3.01 3 1. 00 2. 63 NSsubjects 27.62 72 0. 38
Within Subjects
Shape (C) 7.26 3 2.42 9. 31 <.001A x  C 3.70 9 0.41 1.58 NSB X  C 0. 53 3 0. 18 0. 69 NSA X  B X  C 1. 18 9 0. 13 0. 50 NSA X  B X  C X  subjects 55.08 216 0. 26
Table 8 Age X  Sex x Shape ANOVA for H-V results
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Source of variance SS df MS F P
Between Subjects
age (A) 0. 37 3 0.12 0.32 NSsex (B) 2.93 1 2. 93 7.71 < .01A X  B 1. 89 3 0. 63 1. 66 NSsubjects 27. 64 72 0. 38
Within Subjects
Decision (C) 32 . 86 2 16 . 42 54. 73 <.001A X  C 2.63 6 0.44 1.47 NSB X  C 0. 74 2 0. 38 1.27 NSA X  B X  C 2. 18 6 0. 36 1. 20 NSA X  B X  C X  subjects 43 . 23 144 0. 30
Shape (D) 11.24 3 3 . 74 17.81 < .001A X D 3. 92 9 0. 43 2.05 <.05B X  D 0.10 3 0.03 0.14 NSA X  B X  D 1.43 9 0. 16 0. 76 NSA X B X D X subjects 46. 06 216 0. 21
C X  D 1. 23 6 0.21 1. 05 NSA X  C X  D 6.25 18 0. 35 1.75 NSB X  C X  D 0. 79 6 0.13 0. 65 NSA X  B X  C X  D 3. 16 18 0. 17 0.85 NSA X  B X  G X  Dxsubjects 89. 57 432 0. 20
Table 9 Age x Sex x Decision x Shape for V-H, H-H,and H-V results Chapter 4.
305
CHAPTER 5
Source of variance SS df MS F P
Between Subjects
ocularity mono/bino (A) 0. 78 1 0.78 0. 72 NSstandard availability(B) 6,13 1 6.13 5.62 <.05A X  B 0. 78 1 0.78 0. 72 NSHand Preference (C) 0.50 1 0. 50 0.46 NSA X  C 0. 78 1 0. 78 0. 72 NSB X  C 1.13 1 1.13 1.04 NSA X  B X  C 0. 03 1 0.03 0. 03 NSA X  B X  C X  subjects 26.25 24 1.09
Within Subjects
Shape (D) 0. 50 3 0.17 0.39 NSA X  D 0. 84 3 0. 28 0.64 NSB X  D 0. 75 3 0. 25 0. 57 NSA X  B X  D 0. 59 3 0. 20 0.45 NSC X  D 0. 63 3 0. 21 0.48 NSA X  C X  D 0. 84 3 0. 28 0. 64 NSB X  C X  D 0. 50 3 0.17 0. 39 NSA X B X  C X  D 0.09 3 0.03 0. 07 NSA X  B X  C X  D xsubjects 31. 75 72 0.44
Table 10 Ocularity x Standard Availability x HandPreference x Shape ANOVA on [V]H-H testresults. Visual distortion <caused by acylindrical lens. Chapter 5.
Source of variance SS df MS F P
Circular Shape
army camp 0.01 1 0. 01 0. 03 NSarmy camp subjects 36. 68 127 0. 29Square Shape
army camp 0.01 1 0. 01 0.2 NSarmy camp subjects 41.18 127 0.32Triangular Shape
army camp 0. 01 1 0.01 0. 02 NSarmy camp subjects 53.93 127 0. 43
Table 11 Army Camp x Shape ANOVA on [V]H-H test results. Visual distortion caused by a 1.5x conventional lens. Chapter 5.
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SOURCE OF VARIATION
MAIN EFFECTSMB....... MAG LËNSIZE •SAVUNAVPRÉFH.
•WAY INTERACTIONS■ MB HAGMB ^ LENSIZEMB SAVUNAVMB PREFHMAG LENSIZEMAG SAVUNAVMAG PREFHLENSIZE SAVUNAVLENSIZE PREFHSAVUNAV PREFH
■WAY INTERACTIONSMB MAG LENSIZEMB HAG SAVUNAVMB MAG PREFHMB LENSIZE SAVUNAVMB LENSIZE PREFHMB SAVUNAV PREFH.m a g­ LENSIZE SAVUNAVma G- LENSIZE PREFHMAG-. - SAVUNAV PREFHrLE.N:S.-I:Z.E SAVUNAV PREFH .
WA-Y':.; INTER ACTIO MS:MB M A G - ' LENSIZESAVUNAVIM AGlPREFH-MB_-- MAG— SAVUNAVPREFHiMB LENSIZE SAVUNAVPREFHMAG LENSIZE SAVUNAVPREFH
WAY INTERACTIONSMB MAG iLENSIZESAVUNAV PREFH
EXPLAINED
RESIDUAL
TOTAL
SUM OF ..MEAN. =&IG(VIF.SQUARES jF .^QUARE F OF F
W-769 5 0V558 1-930 0 . 096.0.008 J . 0.0 08 0.027 0. 870I . 75 8 1 1 .758 6.081 0 -. 015O; COB 1 "0TQ0 8 OTCiZT tr'.‘87 00.633 1 0.633 2.189 0 .1420.383 1 , 0.3.83 1.324. 0 . 253
•2.266 10 0.227 0. 784 0.644•0. 3B3 1 0.383 1.32 4 0 . 2530.070 1 0.070 0 .243 . 0 .623.0. 195 1 0 . 195 0.676 0.4130.383 1 0.383 1.524- '0.2530.195 1 0.195 0.676 0.4130.008 1 0.008 0. 027 0 . 8700.383 1 0.383 1.324 . 0.2530.008 1 ' 0.008 0.027 0.8700.008 1 0.008 0.027 0. 870,0.633 1. 0.633 2. 189 0 .142
2.016 10 0.202 0:6 97 0 . 7250*07 0 1 0.070' 0.24 3 ,0.6230 . 008 1 Q .008 0 .02.7: :0>8700. 195 1 0. 195 0 .676 0.4130.070 1 0.070 .0.243 0. 6230.383 1 0.383 1.3 24 0.2530.008 1 0.008 0 .027 0 . 8700.383 1 .P.-.5.8^ -1 • 324 ;0\2530:633 1 0 . 6 33- 2.-18 9“ o-ri4 20. 195 1 Q. 195r : 0 . 6'7 6= QT..--415“0.07 0 1 0:^ 0::7.# Ti:ilL4l5 .a:^ 'E25
1.789 5 0^:58 1::23:8 -jQira.9.8.•0.00 8 1 0%'GO 8 0v(T2^ -0T-&-70
Cp;94 5 y] :3v ^ 5
0.633 1 -2-:.A8,9 -0-.-1-4 2
0. 195 1 . 0 . 19 5_ EQi676 0.413
0.008 1 Q -‘0 0 8 ■0.0-27-' 0.670
0.070 r 0.C70 0. 243 0.623d. 070 1 0.070 0.243 0.623
'a. 93 0 51 0.288 0.997 0.485
2 7.75 0 96 0 . 289
36.679 27 '0.289
Table 12 Ocularity x Magnification x Lensize x Standard Availability x Hand' Preference ANOVA on [V]H-H test scores: Object setCircular: Chapter 5.
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SOURCE OF VARIATION
MAIN EFFECTS MB HAGLENSIZESAVUNAVPREFH
2-WAY MB MB ■ MB MB ,MAGMAGMAGLENSIZELENSIZESAVUNAV
INTERACTIONSMAGLENSIZE SAVUNAV PREFH LLNSIZE SAVUNAV PREFH SAVUNAV PREFH PREFH
3-WAY INTERACTIONSMB MB MB MB MB MB MAG HAG MAGLENSIZE
MAG MAG MAGLENSIZE LENSIZE SAVUNAV LENSIZE LENSIZE SAVUNAV SAVUNAV
MB
MB
MAG
4-WAY INTERACTIONS MB MAGSAVUNAV MB HAGPREFH MAG’ PREFH
LENSIZE PREFH LENSIZE PREFH
5-WAY INTERACTIONS MB MAG‘S'AVUNAV-
EXPLA I NED
r e s i d u a l
TOTAL
SI3H O f SQUARES '■ DF ME'ANSQUARE F SI G N I F OF F
2-102 0.070 1 .32 0 0.070 0.633 0.008
5'11111
0.420 0 . 07.0 1.320 0 . Gi7 0 0.633 0.008
1.251 0.209 3.93 0. 0.209 1.884 0.023
0.292 0.648 0 . G 5 C- 0.646 Q. 17 3 0.87 9
2.391 0.945 0.008 0.945 0.195 D. 195 0.008 0 . C 0 8 0*07 0 0.008 0. C08
LG11
1111111
0 .2 39 0 .945 0.008 0 .9,45 0 . 1 95 0.195 0.008 C . G08 0 .070 0-008 0.008
0:7122.814 0.0232.814 0.581 0.581 0.023 0 . 1 2 3 0.209 0.023 0.023
Ü.712 0 . 097 G . 879 0. 097 0.448 0.448 0.879 0 . 67 9 0.648 0.879 0.879
LENSIZESAVUNAVPREFHSAVUNAVPREFHPREFHSAVUNAVPREFH,PREFH,PREFH
3.016 0.583 0 . 0 7,0 0. 195 0.195 0.383 0.633 0.195 C .383 0.383 0.195
1011
1
11111
0 .302 0.385 0.070 G , 195 0.195 0 .385 0.635 0 . 195 0 .383 0 .385 0.195
0.898 1.140 0.209 0.581 0.581 -1 .14 0 1 .684 0.581 1.14 0 • 1.140 0.581
0.538 • G . 288 a,. 648 . P. 448 0.448 0.288 G. 17 3 0.448 G. 288 0 - 288 0.448
^-LENSIZE 1.4140.195 1 0.2850-195 0.8420.581 0.523 0. 448
LENSIZE 0.383 P .3 83 iVlAO 0. 28 8
SAVUNAV 0.3 8 3. I 0 .383 1-140 0.288
SAVUNAV
SAVUNAV
0.383'
0.070.
1
1
0.383
0.070
1.14 0 
0.209
0.286
0.648
LENSIZE PREFH-
0.0080.008 11 0.0080-008 0.023 0. 023 0 . 879 0,879
8. 93 0 3 I 0 ..? 8 8' 0.857 C . 680
32.250 9 6 0 .336
4 1.179 127 0.324
Table 13 Ocularity x Magnification x Lensize x Standard Availability x Hand Preference ANOVA on [V]H-H test scores. Object set Square: Chapter 5.
308
SUM OF MEAN SIG NIFURGE OF VARIATION SQUARES DFSGUARE F OF F
IN EFFECTS 7.914 5 1 .583, 4.155 0.002MB 0 . 070. 1 0 . G 7 G 0.184 0.669MAG 5.695 1 5.695 14.878 0. 000LENSIZE 0.195 1 0.195 0,510 0.477SAVUNAV 0.635 1 0.633 1-653 0.202PREFH 1.320 1 1.320 3.449 0.066
WAY INTERACTIONS 1.641! lu G. 164 0 .429 0.92 5MB MAG 0 . 0 0 8 1 0.008 0.020 ■G . 887MB LENSIZE 0.195 . 1 0 . 195 0.510 0.477MB SAVUNAV 3.19 5 1 0.195 0.510 0.477MB ' PREFH 0.008 1 0,008 0.020 0-887HAG LENSIZE 0.383, 1 0 . 363 1.000 0.320MAG SAVUNAV 0 . 195 1 0.195 0.510 0 .477MAG PREFH 0.19 5 1 -0 .195 0.510 C . 4 7 7LENSIZE SAVUNAV 0.195 1 0.195 0.510 0.477LENSIZE PREFH 0.070 1 0.070 0.184 0. 66 9SAVUNAV PREFH .0.195 i 0.195 0.510 0.477
•WAY INTERACTIONS 6.266 10 0:627 1.637 "0.108MB HAG LENSIZE 0.070 1 0.070 0.184 0.669MB MAG SAVUNAV 0.195 1 (T. 195 0..51G 0-477MB MAG PREFH 2.820 1 2.820 7.367 0 . 0 C 8MB LENSIZE SAVUNAV 0. 008 1 0.008 G. 020 0.887MB LENSIZE PREFH 1. 758 1 1.758 4.592 0.035MB SAVUNAV PREFH C . 070 Î :0.070 0.184 0.669MAG LENSIZE SAVUNAV 0.945 1 0 .945 2 . 4 69 G. 119MAG LENSIZE PREFH 0 . 008 1 0.008 0.020 0.887MAG SAVUNAV PREFH 0. 383 I 0-383 1.000 0 . 52 GLENSIZE SAVUNAV PREFH 0.008 1 0 . 008 . 0.020 0.887
-WAY INTERACTIONS 1.164 5 0.233 0.608 0.694MB MAG LENSIZE 0.070 1 0 .070 0,184 0.669SAVUNAV •MB. MAG " . LEMSi ZE- ,0.00 8 1 0. 008 Q .'Q2 0 0.887PREFH ....... —MB m ag : . SAVUNAV 0. 070 1 0.070 0.184 0.669PREFH-
MB LENSIZEPREFH MAG LENSIZEPREFH
5-WAY INTERACTIONS MB MAGSAVUNAV
EXPLAINED
RESIDUAL
TOTAL
SAVUNAV 0.383 
SAVUNAV 0.633
0.195 LENSIZE G . 195 PREFH
1 0.385
1 0.633
1 0.195 1 Q.195
17.180 51 0.554
36. 75 0 9 6 'o .383
,53.929 127 0 .425
1.000 0.320
1.653 G.2C2
0.510 C . 4 7'7 0.51 G 0.477
1-448 0.08^
Table 14 Ocularity x Magnification x Lensize x Standard Availability x Hand Preference ANOVA on [V]H-H test scores; Object set Triangular; Chapter 5.
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Source of variance SS df MS P P
Between Subjects
Ocularity (A) 0.07 1 0.07 0.13 NSMagnification (B) 7.88 1 7.88 14.07 < .001A X  B 0. 75 1 0.75 1. 34 NSLensize ( c ) 0.21 1 0. 21 0.38 NSA X  C 0.02 1 0.02 0.04 NSB X  C 0.13 1 0. 13 0.23 NSA X  B X C 0. 44 1 0. 44 0.79 NS
Standard availability(D) 1.90 1 1. 90 3.39 NSA X  D 1. 15 1 0. 15 2. 05 NSB X  D 0.13 1 0.13 0.23 NSA X  B X D 0.21 1 0.21 0 .3 8 NSC X  D 0.02 1 0. 02 0.04 NSA X  C X D 0. 13 1 0. 13 0.23 NSB X  C X D 0.44 1 0.44 0.79 NSA X  B X C X  D 0.13 1 0.13 0.23 NSA X  B X C X  Dxsubjects 62. 88 112 0.56
Within Subjects
Shape (E) 2 . 0 2 2 1.01 4.39 <.05A X  E 0.08 2 0.04 0.17 NSB X  E 0,90 2 0. 45 1.96 NSA X  B X E 0.58 2 0.29 1. 26 NSC X  E 0.06 2 0.03 0.13 NSA X  C X E 0.25 2 0.13 0.57 NSB X  C X E 0.65 2 0. 32 1.39 NSA X  B X C X  E 0.08 2 0.04 0.17 NSD X  E 0.00 2 0.00 0.00 NSA X  D X E 0.19 2 0.09 0.39 NSB X  D X E 0. 08 2 0.04 0.17 NSA X  B X D X  E 0.06 2 0.03 0.13 NSC X  D X E 0.25 2 0.13 0. 57 NSA X  C X D X  E 0.15 2 0.07 0. 30 NSB X  C X D X  E 1.08 2 0.54 2.35 NSA X  B X C X  D X  E 0.15 2 0.07 0. 30 NSA X  B X C X  D X  E Xsubjects 50.75 224 0. 23
Table 15 Ocularity x Magnification x Lensize x Standard Availability x Shape ANOVA on [V]H-H test scores. Visual distortion caused by a l.Sx conventional lens. Chapter 5.
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SOURCE OF VARIATION
MAIN EFFECTS BC MBLENSIZESAVUNAVPREFH
SUM OFSQUARES MEAN DF SQUARE IGNIFOF F
-WAY INTERACTIONSBC MBBC LENSIZEBC , SAVUNAVBC PREFHMB LENSIZEMB SAVUNAVMB PREFHLENSIZE SAVUNAVLENSIZE PREFHSAVUNAV PREFH
-WAY INTERACTIONSBC MB LENSIZEBC MB SAVUNAVBC MB PREFHBC LENSIZE SAVUNAVBC LENSIZE PREFHBC SAVUNAV PREFHMB ■ LENSIZE SAVUNAVMB LENSIZE PREFHMB SAVUNAV PREFHLENSIZE SAVUNAV PREFH
-WAY INTERACTIONS 1BC MB LENSIZESAVUNAVBC MB LENSIZEPREFHBC TTB- SAVUNAVPREFH 7
BC LENSIZE SAVUNAVPREFHMB •l e n s i z e: SAVUNAVPREFH
:-fWAY INTERACTIONSBC MB LENSIZESAVUNAV PREFH
EXPLAINED
RESIDUAL
TOTAL
9.063 6 1 Jsio 3.816 0. 0030.042 1 0:042 0. 105 0.7470. 167 1 0.1167 0.421 0.5205.813 2 2.,906 7.342 0.0022.667 1 2.>667 6.737 0.0120.375 1 0.3751 0.947 0. 3356.953 14 0.-497 1.256 0. 2690. 167 1 0.167 0.421 0. 5200.271 2 0. 135 0.342 0.7121.500 1 1. 500 3.790 0.0571.042 1 .1.042 2.632 0.1110. 146 2 0. 073 0. 184 0. 8320. 042 1 0.042 0. 105 0.747.0.667 1 0.667 1. 684 0.2011.646 2 0. 323 2.079 0. 1360.813 2 0.406 1. 026 0. 3660.667 1 0. 667 1.684 0. 201
6. 167 16 0.335 0.974 0.,4980.771 2 0.385 0.974 0. 3850. 042 1 0. 042 0. 105 0.7470. 167 1 0. 167 0.421 0. 5200.437 2 0.219 • 0.553 0. 5790.521 2 0.260 0.653 0. 5230.667 1 0.667 1. 684 0.2010.896 2 0. 443 1.132 0.3312. 146 2 1.073 2.711 0. 0770.375 1 0.375 0.947 0. 3350. 146 2 0.073 0. 184 0. 832
7.000 9 0. 773 1. 965 0.0650.021 2 0. 010 0.026 0.974
2.021 2 1.010 2.553 0. 088
3.375' 1 3.375 8.526 0. 005
1.521 2 0.760 1.921 0. 158
0.063 2 0.031 0.079 0.924
2:‘437 2 1.219 3.079 0. 0552.437 2 1.219 3.079 0. 055
31.625 47 0.673 1. 700 0.035
19.000 ‘ 43 0.396
50.625 95 0. 533
Table 16 Ocularity x Lens Type x StandardAvailability x Hand Preference x Regiment ANOVA on [V]H-H test scores; object set Circular: Chapter 5.
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SOURCE OF VARIATION
I MAIN EFFECTS BC MBLENSIZESAVUNAVPREFH
2-WAY INTERACTIONS
SUM OF MEANSQUARES DF SQUARE SIGNIFOF F
BC BC BCBC 'MBMBMBLENSIZELENSIZESAVUNAV
MB LENSIZE SAVUNAV PREFH LENSIZE SAVUNAV PREFH SAVUNAV PREFH PREFH
3-WAYBCBCBCBCBCBCMBMBMBLENSIZE
INTERACTIONSMBMBMBLENSIZE LENSIZE SAVUNAV LENSIZE LENSIZE SAVUNAV SAVUNAV
4-WAY INTERACTIONS BC MBSAVUNAV BC ■ MBPREFH BC MBPREFH
BC LENSIZEPREFH MB LENSIZEPREFH
5-WAY INTERACTIONS BC MBSAVUNAV
EXPLAINED
RESIDUAL
TOTAL
LENSIZESAVUNAVPREFHSAVUNAVPREFHPREFHSAVUNAVPREFHPREFHPREFH
LENSIZE
LENSIZE
SAVUNAV
SAVUNAV
SAVUNAV
LENSIZEPREFH
9-396 6 1. 566 3. 132 0.0110. 167 1 0. 167 0.333 0.5660.667 1 0. 667 1.333 0.2547. 146 2 3.573 7. 146 0.0021.042 1 1.042 2.083 0.1550.375 1 0. 375 0.750 0.391
3.333 14 0.233 0.476 0.9350.375 1 0.375 0.750 0. 3910.271 2 0. 135 0.271 0. 7640. 167 1 0. 167 0. 333 0.5660.667 1 0. 667 1. 333 0. 2540.271 2 0. 135 0.271 0. 7640. 667 1 0.667 1.333 0. 2540. 167 1 0. 167 0 ■ 3G'*3 0. 5660. 146 2 0.073 0. 146 0. 8650. 563 2 0.281 0.563, 0-5730.042 1 0. 042 0.083 0.774
5.375 16 0.367 0.734 0.7460.062 2 0.031 0.063 0. 9391. 042 1 1.042 2.083 0. 1550.375 1 0.375 0. 750 0-3912.271 2 1. 135 2.271 0. 1140. 271 2 0. 135 0.271 0.7640. 167 1 0. 167 0.333 0 - 5660-521 2 0.260 0.521 0.5971.021 2 0.510 1.021 0. 3:680. 000 1 0.000 0. 000 1. 0000.146 2 0.073 0.146 0. 865
2.958 9 0. 329 0. 657 0.7420. 646 2 0. 323 0. 646 0.529
0. 063 2 0.031 0.063 0.939
0.042 1 0.042 0. 083 0.774
2.021 2 1 . 010 2.021 0. 144
0. 188 2 0.094 0. 188 0. 830
0.396 2 0. 198 0.396 0. 6750. 396 2 0. 198 0. 396 0.675
21.958 47
24.000 43
45.958 95
0 . 467 
0. 500 
0. 434
0.934 O .592
Table 17 Ocularity x Lens Type x StandardAvailability x Hand Preference x Regiment ANOVA on [V]H—H test scores: object set Square: Chapter 5.
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SOURCE OF VARIATION
MAIN EFFECTS BC MBLENSIZESAVUNAVPREFH
2-WAY INTERACTIONS BC MBBC LENSIZEBC SAVUNAVBC PREFHMB LENSIZEMB SAVUNAVMB PREFHLENS;IZE SAVUNAV LENSIZE PREFH SAVUNAV PREFH
3-WAY BC BC BC BC BC BC MB MB MBLENSIZE
INTERACTIONSMBMBMBLENSIZE LENSIZE SAVUNAV LENSIZE LENSIZE SAVUNAV SAVUNAV
4-WAYBC
BC
BC
BC
MB
INTERACTIONSMBSAVUNAV MB - PREFH MBPREFHLENSIZEPREFHLENSIZEPREFH
5-WAY INTERACTIONS BC\ V  MBSAVUNAV
EXPLAINED
RESIDUAL
TOTAL
SQUARES .MEAN SJGKILDF SQUARE F OF F
8.396 6 1.399 2.488 0.0360.375 1 0.375 0.667 0.4180.667 1 0.667 1.185 0-2823.813 2 1 .906 3.389 0. 0422.042 1 2.042 3.630 0. 0631. 500 1 1.500 2.667 0. 109
3.250 14 0.232 0.413 0.9640.042 1 0.042 0.074 0.7870.563 2 0.281 0.500 0.6100. 167 1 0. 167 0.296 0. 5890.042 1 0.042 0.074 0. 7870.896 2 0. 448 0.796 0. 4570. 042 1 0.042 0.074 0.7870. 667 1 0. 667 1.185 0. 2820.396 2 0. 198 0. 352 0.7050. 063 2 0.031 0.056 0.9460.375 1 0.375 0. 667 0.418
LENSIZE 6.375 16 0.398 0.708 0. 7721.646 2 0.823 1. 463 0. 242SAVUNAV 0. 000 1 0.000 0.000 1. 000PREFH 0.375 1 0.375 0. 667 0. 418SAVUNAV 0. 396 2 0. 198 0.352 0. 705PREFH 0.396 2 0. 198 0.352 0. 705PREFH 0.667 1 0. 667 1.185 0. 282SAVUNAV 0.646 2 0.323 0.574 0. 567PREFH 1. 396 2 0.698 1.241 0. 298PREFH 0. 042 1 0.042 0.074 0. 787PREFH 0.812 2 0. 406 0.722 0. 491
LENSIZE 5.083 9 0.565 1. 004 0. 4500:813 2 0.406 0.722 0.491
LENSIZE 3.563 2 ,1.781 3. 167 0.051
SAVUNAV b. 167 1 0. 167 0.296 0. 589
SAVUNAV 0. 396 2 0. 193 0.352 0.705
SAVUNAV 0. 146 2 ! 0.073 0. 130 0.879
0. 396 2 0. 1.98 0.352 0. 705LENSIZÈ PREFH , 0.396 2 0. L98 0. 352 0.705
123.500 
|27. 000
50.500
47
48 
95
0. 500 
0.562 
0. 532
0.889 0. 656
Table 18 Ocularity x Ava i1ability Lens Type x ' Standard X Hand Preference x Regiment ANOVA on [V]H-H test scores: object set Triangular: Chapter 5.
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Source of variance SS df MS F p
Within Subjects
Standard Availability(A) 2.67 A X  subjects 9.33 115 2. 67 0.62 4.31 NS
Shapes (B)B X subjects 2.2319.00 230 1.17 0. 63 1.86 NS
A X  BA X  B X  subjects 0.0811.92 230 0. 04 0.40 0.10 NS
Table 19 Standar [V]H-H Chapter
d Availability data from the 5.
X  Shape child ANOVA on sub jects.
Source of variance SS df MS F p
Within Subjects
Magnification (A) A X subjects 4.013.49 114 4.010.25 16.04 <.01
Shapes (B)B X  subjects 1.07 17 . 6 228 0.53 0. 63 0.84 NS
A X  BA X  B X  subjects 0. 09 7.91 228 0.04 0. 28 0.14 NS
Table 20 Magnification x Shape ANOVA on [V]H-H data from child subjects.
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CHAPTER 6
Source of variance SS df MS F P
Ocularity (A) 0. 10 1 0.10 0. 12 NSLensize (B) 0. 88 1 0.88 1.07 USA X  B 0.10 1 0.10 0.12 USStandard Availability(C) 1.13 1 1.13 1. 38 USA X C 0.32 1 0.32 0. 39 USB X  C 0.04 1 0.04 0.05 USA X  B X  C 1.13 1 1.13 1.38 usArmy Unit (D) 0.47 1 0.47 0.57 usA X  D 2.44 1 2.44 2.98 usB X  D 0.00 1 0.00 0.00 usA X  B X  D 0.19 1 0.19 0.23 usC X  D 0.66 1 0. 66 0. 80 usA X  C X  D 0.00 1 0.00 0.00 usB X  C X  D 1.13 1 1.13 1.38 usA X  B X  C X  D A X  B X  C X  D xsubjects
Within Subjects
0.88 39. 56 148 0.880.82 1.07 us
Texture (E) 7.11 3 2.37 3.16 <0 . 05A X  E 2.48 3 0.83 1.11 NSB X  E 0.70 3 0.23 0.31 NSA X  B X  E 1.11 3 0.37 0.49 NSC X  E 0.07 3 0.02 0.03 NSA X  C X  E 5.39 3 1.80 2.40 NSB X  C X  E 1.17 3 0. 39 0.52 NSA X  B X  C X  E 1.70 3 0. 57 0.75 NSD X  E 0. 98 3 0. 33 0.44 NSA X  D X  E 2 .14 3 0.71 0.95 NSB X  D X  E 3. 95 3 1.32 1.76 NSA X  B X  D X  E 5.76 3 1.92 2.56 NSC X  D X  E 6.04 3 2.01 2.68 NSA X  C X  D X  E 1.82 3 0.61 0.81 NSB X  C X  D X  E 0.07 3 0.02 0.03 NSA X  B X  C X  D A X  B X  C X  D subject
X  E 
X  E X 2.07108.69
3
144
0.69
0.75
0.92 NS
Table 21 Ocularity x Lensize x Standard Availability x Army Unit x Texture ANOVA on [V]H-H results. Chapter 6.
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CHAPTER 8
Source of variance SS df MS F P
Between Subjects
PresentationSequence (A) 0.40 1 0.40 0. 24 NSA X subjects 30.00 18 1.67
Within Subjects
Interference task (B) 0.10 1 0.10 0.16 NSA X  B 0. 90 1 0.90 1.48 NSA X  B X  subjects 11.00 18 0.61
Table 22 Presentation sequence x Interference taskANOVA on error rates on the first teninterference tasks of each typeencountered by each subject. Chapter 8.
Source of variance SS df MS F P
Between Subjects
PresentationSequence (A) 5.88 1 5.88 1.21 NSA X subjects 87. 69 18 4.87
Within Subjects
Interference task (B) 0.10 1 0.10 0. 04 NSA X  B 0.90 1 0.90 0.34 NSA X  B X  subjects 48.00 18 2.67Trial Number (C) 6.72 8 0. 84 1.62 NSA X  C 2.02 8 0.25 0.48 NSA X  C X  subjects 74.81 144 0.52B X  C 2. 30 3 0.29 0.74 NSA X  B X  C 5.20 8 0.65 1.67 NSA X  B X  C X  subjects 56. 5 144 0.39
Table 23 Presentation sequence X  Interference task
X  Trial number ANOVA on error rates onbase line interference tasks throughout the experiment. Chapter 8.
316
Source of variance SS df MS F
Between Subjects 
PresentationSequence (A) 84180 1 84180 5.05 <.05A X subjects 300040 18 16668
Within Subjects
Interference Task (b ) 422919 1 422919 32.13 <.001A X  B 1113 1 1113 0.08 NSA X  B X  subjects 236900 18 13161
Table 24 Presentation sequence x Interference task ANOVA for the average response time to the first ten interference trials of each type encountered by the subject. (adjusted auditory times). Chapter 8.
Source of variance SS df MS F P
Between Subjects
PresentationSequence (A) 518776 1 518776 16.69 <.001A X  subjects ' 559368 18 31076
Within Subjects
Interference Task (B ) 2659121 1 2659121 80. 16 <.001A X  B 8313 1 8313 0.25 NSA X  B X  subjects 597091 18 33171Trial Number (C) 60946 8 7618 0.49 NSA X  C 97876 8 12234 0.79 NSA X  C X  subjects 2218755 144 15408B X  C 126879 8 15860 1.09 NSA X  B X  C 187338 8 23417 1.61 NSA X  B X  C X  subjects 2090785 144 14519
Table 25 Presentation Sequence x Interference task x Trial number ANOVA for average response times to the base line interference trials throughout the experiment (adjusted auditory times). Chapter 8.
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Source of variance SS df MS F P
Between Subjects
PresentationSequence (A) 2510678 1 2510678 0.11 NSA X  subjects 405798447 18 22544358
Within Subjects
Interference task (B) 6206288 1 6206288 30.59 < ,.001A X  B 265907 1 265907 1. 31 NSA X B X subjects 3651597 18 202866Haptic task (C) 11659677 8 1457459 2.18 < ,. 001A X  C 2647031 8 330878 0.49 NSA X  C X  subjects 96101391 144 667370B X  C 8123743 8 1015468 1.56 NSA X  B X  C 4912619 8 614077 0.94 NSA X B X C X subjects 93791142 144 651327
Table 26 Presentation Sequence X  Interference task
X  Haptic task ANOVA on measure (i) - thetotal time to complete the joint hapticinterference task. Chapter 8.
Source of variance SS df MS F P
Between Subjects
PresentationSequence (A) 1752957 1 1752957 0.28 NSA X  subjects 112693120 18 6260728
Within Subjects
Interference Task (B) 8673507 1 8673507 49.09 <. 001A X  B 358534 1 358534 2.03 NSA X  B X  subjects 3180666 18 176703Haptic Task (C) 8019076 8 1002384 1.96 <.05A X  C 3593208 8 449151 0.88 NSA X  C X  subjects 73333887 144 509263B X  C 6385276 8 798159 1. 67 NSA X  B X  C 1939964 8 242495 0.51 NSA X  B X  C X  subjects 68661742 144 476817
Table 27 Presentation Sequence x Interference task 
X  Haptic task ANOVA on measure (ii) the total time spent by each subject actually touching the objects on which the haptic task was performed. Chapter 8.
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Source,of variance SS df MS F P
Between Subjects
PresentationSequence (A) 329 1 329 0.01 NSA X subjects 475836 18 26435
Within SubjectsInterference Task (B) 9040 1 9040 0.65 NSA X  B 12984 1 12984 0. 99 NSA X  B X  subjects 337258 18 13181Haptic Task (C) 29706 8 3713 0. 93 NSA X  C 39891 8 4986 1.25 NSA X  C X  subjects 575463 144 3996B X  C 35868 8 4483 1.10 NSA X  B X  C 16490 8 2061 0. 50 NSA X  B X  C X  subjects 588468 144 4086
Table 28 Presentation Sequence x Interference task
X  Haptic task ANOVA for measure (iii)- Thepercentage increase in response time tothe interference task when performedsimultaneously 'with the haptic task ratherthan alone. Chapter 8.
Source of variance SS df MS F P
Between Subjects
PresentationSequence (A) 76. 54 1 76.54 0.16 NSA X subjects 8561.52 18 475.64
Within SubjectsInterference Task (B) 227.21 1 227.21 2.16 NSA X  B 90.00 1 90.00 0.86 NSA X  B X  subjects 1894.46 18 105.25Haptic (C) 670.3 8 83.79 2.93 <. 01A X  C 364.46 8 45 . 56 1. 59 NSA X  C X  subjects 4124.58 144 28.64B X  C 379.89 8 47.49 1.24 NSA X  B X  C 237.4 8 29.68 . 78 NSA X  B X  C X  subjects 5500.04 144 38.19
Table 29 Presentation Sequence X  Interference task
X  Haptic task ANOVA on Measure (iv) thenumber of presentations of theinterference task responded to whilecompleting the haptic task. Chapter 8.
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Source of variance SS df MS F P
Between Subjects
PresentationSequence (A) 6325 1 6325 3.59 NSA X  subjects 31744 18 1764
Within SubjectsInterference Task (B) 1357 1 1357 1.71 NSA X  B 2523 1 2523 3.19 NSA X  B X  subjects 14264 18 792Haptic Task (C) 3784 8 473 1.26 NSA X  C 2821 8 352 0.93 NSA X  C X  subjects 54050 144 375B X  C 3140 8 392 0.86 NSA X  B X  C 5916 8 739 1.6 NSA X  B X  C X  subjects 65057 144 452
Table 30 Presentation Sequence x Interference task
X  Haptic task ANOVA for measure (v) thepercentage increase in error rate on theinterference task when performedsimultaneously with the haptic task ratherthan alone. Chapter 8.
Source of variance SS df MS F P
Between Subjects
presentationsequence (A) 0.14 1 0.14 0.93 NSA X  subjects 2.67 18 0.15
Within Subjects
Interference task (B ) 0.07 1 0. 07 0.41 NSA X  B 0.63 1 0.63 3.71 NSA X  B X  subjects 3. 14 18 0.17haptic task(C) 4. 55 8 0.57 2.71 <.01A X  C 1.44 8 0.18 0.86 NSA X  C X  subjects 29.68 144 0.21B X  C 1.21 8 0. 15 1.15 NSA X  B X  C 3.85 8 0.48 3.69 <.001A X  B X  C X  subjects 18.61 144 0.13
Table 31 Presentation Sequence x Interference task 
X  Haptic task ANOVA for meayhre (vi) - the number of errors on the haptic task. Chapter 8.
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Source of variance SS df MS F P
Between Subjects
PresentationSequence (A) 8940 1 8940 0.27 NSA X  subjects 588530 18 32696
Within Subjects
Interference Task (B) 677734 1 677734 33.6 <.001A X  B 20793 1 20793 1.03 NSA X  B X  subjects 363432 18 20191Haptic Task (C) 60920 8 7615 0.84 NSA X  C 110235 8 13779 1.52 NSA X  C X  subjects 1304791 144 9061B X  C 126443 8 15805 1.87 NSA X  B X  C 101968 8 12746 1.51 NSA X  B X  C X  subjects 1213882 144 8430
Table 32 Presentation Sequence x Interference task 
X  Haptic task ANOVA on measure (iii) (with adjusted auditory times). Chapter 8.
Source of variance SS df MS F P
Between Subjects
PresentationSequence (A) 81842 - 1 81842 0.04 NSA X  subjects 36332813 18 2018489
Within Subjects
Interference Task (B) 80849235 1 80849235 41.19 <.001A X  B 54612 1 54612 0.03 NSA X  B X  subjects 35332764 18 1962931Haptic Task (C) 10197753 8 1274719 1.42 NSA X  C 10461139 8 1307642 1.45 NSA X  C X  subjects 129589132 144 899925B X  C 6219019 8 777377 0. 83 NSA X  B X  C 6597496 8 824687 0.88 NSA X  B X  C X  subjects 135106040 144 938236
Table 33 Presentation Sequence x Interference task 
X  Haptic task ANOVA for measure 7 (with adjusted auditory times)- the product of the percentage increase in response time (measure iii) and the number of trials (measure iv). Chapter 8.
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Source of variance SS df MS P P
Between Subjects
PresentationSequence (A) 2365 1 2365 1.14 NSA X  subjects ■ 24968 12 2081
Within Subjects
Interference Task (B) 945 1 945 0.86 NSA X  B 1280 1 1280 1.16 NSA X  B X  subjects 13199 12 1100Haptic Task (C) 4755 8 594 1.17 NSA X  C 6550 8 819 1. 61 NSA X  C X  subjects 48771 96 508B X  C 3282 8 410 0.68 NSA X  B X  C 2727 8 341 0.56 NSA X  B X  C X  subjects 58078 96 605
Table 34 Presentation Sequence x Interference taskX Haptic task ANOVA for C - (x^ + H)Chapter 8. + H
Source of variance SS df MS F P
Between Subjects
PresentationSequence (A) 15 1 15 0. 00 NSA X  subjects 133482941 18 7415719
Within Subjects
Interference Task (B ) 4330100 1 4330100 11.52 <.01A X  B 639334 1 639334 1. 70 NSA X  B X  subjects 6764320 18 375796Haptic Task (Q) 4320901 2 2160450 3.61 <.05A X  Q 280865 2 140432 0.23 NSA X  Q X  subjects 21518776 36 597744B X  Q 1374647 2 687323 1.43 NSA X  B X  Q 218596 2 109298 0. 23 NSA X  B X  Q X  subjects 17328809 36 481356
Table 35 Presentation Sequence x Interference taskX Haptic task (Q) ANOVA for the triangularobject sets measure (i). Chapter 8.
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Source of variance SS df MS F P
Between Subjects
PresentationSequence (A) 548496 1 548496 0.13 NSA X subjects 74824278 18 4156904
Within Subjects
Interference Task (B) 2042136 1 2042136 2.77 NSA X  B 237468 1 237468 0. 32 NSA X  B X subjects 13257129 18 736507
Table 36 Presentation Sequence X  Interference TaskANOVA for the diamond object set : measure (i); Chapter 8.
Source of variance SS df MS F P
Between Subjects
PresentationSequence (A) 1787721 1 1787721 0.30 NSA X subjects 108893583 18 6049643
Within Subjects
Interference Task (B) 700689 1 700689 1.48 NSA X B 428805 1 428805 0.90 NSA X  B X  subjects 8536251 18 474236Haptic Task (Q) 1823174 1 1823174 2.08 NSA X  Q 853878 1 853878 0.98 NSA X  Q X  subjects 15761962 18 875664B X  Q 392140 1 392140 0.77 NSA X  B X  Q 374422 1 374422 0.74 NSA X B X  Q X  subjects 9157647 18 508758
Table 37 Presentation Sequence x Interference task
X Haptic task (Q) ANOVA,for the circularobject sets : measure (i). Chapter 8.
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Source of variance SS df MS F P
Between Subjects
PresentationSequence (A) 1181670 1 1181670 0.16 NSA X  subjects 129789360 18 7210520
Within Subjects
Interference Task (B) 340480 1 340480 0.66 NSA X  B 1105920 1 1105920 2.16 NSA X  B X  subjects 9226479 18 512582Haptic Task (Q) 961085 2 480542 0.46 NSA X  Q 573548 2 286774 0.27 NSA X  Q X  subjects 37643846 36 1045662B X  Q 3371030 2 1685515 2.90 NSA X  B X  Q 2101360 2 1050680 1.81 NSA X  B X  Q X  subjects 20951215 36 581978
Table 38 Presentation Sequence X  Interference task
X Haptic task (Q) ANOVA for the squareobject sets : meav^ re (i) ; Chapter 8
Source of variance SS df MS F P
Between Subjects
PresentationSequence (A) 67497 1 67497 0.26 NSA X  subjects 45965483 18 2553637
Within Subjects
Interference Task (B) 4789605 1 4789605 17.50 <,001A X  B 90860 1 90860 0.32 NSA X  B X  subjects 4926266 18 273681Haptic Task (Q) 2538309 2 1269154 3.25 NSA X  Q 230405 2 115202 0.30 NSA X  Q X  subjects 14038853 36 389968B X  Q 1911802 2 955901 2. 25 . 05A X  B X  Q 28777 2 14388 0.03 NSA X  B X  Q X  subjects 15327236 36 425756
Table 39 Presentation Sequence x Interference task
X Haptic task (Q) ANOVA for the triangularobject sets : measure (ii) : Chapter 8.
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Source of variance SS df MS F P
Between Subjects
PresentationSequence (A) 433889 1 433889 0.32 NSA X  subjects 24321066 18 1351170
Within Subjects
Interference Task (B ) 2508006 1 2508006 5.01 <,.05A X  B 61309 1 61309 0.12 NSA X  B X  subjects 9012722 18 500707
Table 40 Presentation sequence X Interference taskANOVA for the diamond object set ; measure(ii ) : Chapter 8.
Source of variance SS df MS F P
Between Subjects
PresentationSequence (A) 1433533 1 1433533 0. 73 NSA X  subjects 35501189 18 1972288
Within Subjects
Interference Task (B ) 1341879 1 1341879 0. 35 NSA X  B 11305 1 11305 0.03 NSA X  B X  subjects 6864661 18 381370Haptic Task (Q) 1193405 1 1193405 1.72 NSA X  Q 1034897 1 1034897 1.49 NSA X  Q X  subjects 12519091 18 695505B X  Q 114534 1 114534 0.28 NSA X  B X  Q 627819 1 627819 1.54 NSA X  B X  Q X  subjects 7331339 18 407296
Table 41 Presentation Sequence x Interference task
X Haptic task (Q) ANOVA for the circularobject sets; measure (ii) : Chapter 8.
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Source of variance SS df MS F P
Between Subjects
PresentationSequence (A) 1367040 1 1367040 0.16 NSA X  subjects 32352494 18 1797361
Within Subjects
Interference Task (B) 1053563 1 1053563 2.92 NSA X  B 429125 1 429125 1.19 NSA X B X  subjects 6503077 18 361282Haptic Task (Q) 1176888 2 588444 0.75 NSA X  Q 393649 2 196825 0.25 NSA X  Q X subjects 28222831 36 783968B X  Q 2439105 2 1219552 2.84 NSA X  B X  Q 1817372 2 908686 2.12 NSA X  B X  Q X  subjects 15442626 36 428962
Table 42 Presentation Sequence x Interference task 
X  Haptic task (Q) ANOVA for the square object sets : measure (ii) ; Chapter 8.
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APPENDIX3 COMPUTER PROGRAMS
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Program 1 was used to present both the visual and auditory interference tasks of experiment 6 and to record subject réponse times. The program which was run on a PET microcomputer was written in BASIC except for section 8950-9195 which was written in machine code. The visual interference task is presented and controlled by lines 2 - 630. Lines 800-980 send the data measured on this task to a disc for storage. The auditory interference task is presented and controlled by lines 7000-8790. Lines 8950-9195 interrupt the operating system keyboard scan to poll the user port and to record any changes which have taken place.
'1 «30SUB 8950:1 = 12 POKE 59467,163 POKE 59466,154 POKE 59464,05 TZ=0 '6 TZE=07 FOR Z=30976 TO 320008 POKE Z,09 NEXT Z.10 DIM F$(13)[ll DIM R(100,7>•12 DIM R$(100)13 DIM m<27).14 INPUT"PROO";P 20 INPUT"SUB".?S 3^0 INPUT "BLOCK ";B •50 INPUT"20?";C ;60 TIME$="000000" :70 N$="S"’72 A$=STR$(S>74 N$=N$+P$76 A$=STR$(B)78 N$=N$+A$80 FL$="0:"82 FL$=FL$+N$84 FL$=FL$+",SEQ,WRITE"90 RL$="0:"'92 RL$=RL$+N$94 RL$=RL$+",SEQ,READ"100 INPUT"READY";R110 ON P GOTO 128.1000.7000
328
123 SVS<S90>130 F$(i>="3 5 ja »! ja aaaBBx m a siai %ax mi'm"140 F$'::2 )=" a mn\ ®  a m m m  «  a sawaranii s  ja "150 F$(3:)=" a aaami * a igaBaai saHssni sai 
1 6 0 F$(4)="a ® a aaammi aim m i  aaai,170 F$(5)="a mi ail aii mm  «"180 F$(6)="a ® a isiiiiiiiHi m a m m i  m w m  ^ a M m m i  a a a"•190 F$C7)=" a 531HI aiii mm  aaaaai m a «"200 F$<8)=" a Ü a iaam a a sawi aiai aiaaai a a a"210 F$(9)=" a aini aiamai m a igaaam mm  s"220 F$(i0 )="a M a siwaaii « a ïsaaaai » a !» a aaaaa; « a asm #"230 F$(ii)=" a aiaii s  a ü a aiaaaai 3aaai «"240 F$(i2 )=" a siBHaai »! a saaHai i  a w a aamami »? a ïLinaaram » a250 F$(13)-"a H"260 PRINT"□" :PRINT SPC(15):PRINT F$(13)270 T=TI280 J= 1 + 1 NT ( RND (' 1)*12 )290 IF TI-TC10 THEN 290300 PRINT"□":PRINT SPC(15):PRINT F$(J )310 T=TI320 K=1+INT(RND(1)*12)SX30 IF K=J THEN 320 340 IF TI-TC30 THEN 340350 PR I NT •’ Zl” : PR I NT SPC ( 15): PR I NT F$ ( K )360 T=TI370 L= 1 + 1 NT ( RND ( 1 ) :-H2 )380 IF TI-T-C30 THEN 380390 PRINT 400 T=TI410 IF TI-TC10 THEN 410420 IF L=1 THEN 450430 IF L=2 THEN-470 .-450 PRINT"□":PRINT SPC(15);PRINT F$(J )460 GOTO 480470 PRINT"□":PRINT SPC(15):PRINT F$(K)480 T=TI490 X=(3 AND (NOT(PEEK(59471))))492 IF X<>0 THEN 496495 IF TI-TC30 THEN 490496 TA=TI-T497 PRINT"3"500 IF X=2 THEN 530 510 IF X=1 THEN 560 520 GOTG490530 IF L=1 THEN V$="H"540 IF L=2 THEN V$="X"550 GOTO 585560 IF L=2 THEN V$="H"570 IF L=1 THEN V$="X"585 TZ=TZ+TA590 R(I,1)=J:R(I,2)=K:R(I,3)=L:R(I,4)=TA:R$(I)=V$:R(I,5)=TZ:
592 IF C=0 THEN 600 R(I,6)=TX:R(I,7)=G595 IF 1=20 THEN STOP600 IF 1-09 THEN 606601 IF 1=9 THEN AV=TZ602 POKE 59464,252
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603 T=TI604 IF TI-TC10 THEN 604605 POKE 59464,0606 IF I>=1© THEN E=E+TA607 IF I>=10 THEN TX=E/I-9 60S 1=1+1610 %=(3 AND (N0T(PEEK(59471)))>620 IF X=0 THEN 260 630 GOTO 610 660 SYS(901)670 FOR Y=1 TO I630 PRINT R(Y,l),R (Y ,2),R <V ,3>,R(Y,4>;R$<Y ) 690 NEXT V 695 STOP701 SYS<901)702 POKE 59467,0 ,703. POKE 59466,255704 D=PEEK(1015);705 OPEN 1,8,10,FL$' 770 PR I NT# 1 , D .? CHR$ ( 13 ) ; i 772 FOR G=0 TO D '780 X(G ,1)=PEEK(30976+G)782 X<G,2>=PEEK(31232+G>783 X (G ,3)=PEEK(31488+G )784 X(G,4)=PEEK(31744+G)786 PR I NT# 1 , X ( G , 1 ) CHR$ ( 1 :788 PR I NT# 1 , X G . 2 > CHR$ ( 1 790 PR I NT# 1 , X G , 3 ) .? CHR$ ( 1 792 PRINT#1,X< G ,4 >;CHR$(1 794 NEXT G798 GLOSE 1799 STOP800 OPEN 1,8,10,RL$805 INPUT#!,N$810 INPUT#!,S 820 INPUT#1,8 830 INPUT#1,1 832 INPUT#!,TZ 834 INPUT#!,TX 836 INPUT#!,AY 840 FOR Y=1 TO (I-!)850 FOR J= 1 - TO 4 860 INPUT#1,R (Y ,J >870 NEXT J 880 INPUT#!,R$(Y)885 NEXT Y890 INPUT#!,D891 FOR G=0 TO D892 INPUT#1,X (G,1)893 INPUT#1,X< G,2)894 INPUT#!,X(G,3>895 INPUT#1,X < G ,4)896 NEXT G 900 CLOSE 1 905 PRINT N$910 PRINT S 920 PRINT B 930 PRINT I,TZ,TX,AY
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940 950 960 965967968 970 980 
1000 
1002 10061007100810091010 ; 1015 ' 1020
10221024102610271028 10301032 1034 10361033 1040 1042 1044 1046 1048 1050 1052 1054 1056 1058 1060 1061
"10621063106410651066 10681069107010751076 .1080 1090 1200 1210 1220 1230 1240 1250 1260 1270
FOR V=1 TO (I-l)PRINT R < V ,1),R < V ,2 >,R (V ,3 >,R(V ,4)? R$ < V )NEXT VPRINT DFOR 0=0 TO DPRINT X (0,1),X (0,2),X (G ,3),X (G ,4)NEXT GSTOP POKE 59467,16 POKE 59466,15 INPUT"SUB";S INPUT"BLOCK"I NPUT "GAP" .îG I NPUT" 20 ".?C 
1 =  1 T2=0A(l)=252A (2)=237A(3)=223A(4)=210A (5)=200A (5)=200A(6)=190A(7)=179A(8)=168A(9)=157A(10)=148A(ll)=140A(12)=132A(13)=125A(14)=117A(15)=ll1A(16)=105A(17)=98A(18)=93A(19)=88A(20)=83A (21)=7SA (22)=73
A (23)=69A (24)=65A(25)=6iA (26)=58A(27)=10POKE 59464,A (27)T=TI0=1+1NT(RND(1)*12)J=D+7IF TI-TC15 THEN 1076 POKE 59464, A (.J)T=TIM= 1 + 1 NT ( RND ( 1 ) if:2 )IF M=1 THEN 1230 IF M=2 THEN 1250 K=J+G GOTO 1260K=J~G -....IF TI-TC30 THEN 1260 POKE 59464,R(K)
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12801290130013101320133013401342134413451346 1348 137013751376 1380 1390 1400 1410 1420 1430 1440 1450 1460 147014751476 1480 14851490149114921493149414951496 1500 1510 1520 2000 2010 2020 2025 2030 2040 
2050 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 2160
T=TIL=1 + 1NT(RND <1)*2)IF TI-T<30 THEN 1300 POKE 59464,0 T=TIIF TI-T<10 THEN 1330 IF L=1 THEN 1344 IF L=2 THEN 1348 POKE 59464,R(J)IF L=2 THEN 1348 GOTO 1370 POKE 59464,fl(K>T=TIIF TI-T<30 THEN 1375 POKE 59464,0X=PEEK< 59471>: IF %=255 THEN 1380 IF X=253 THEN1420 IF X=254 THEN 1450 GOTO 1380 IF L=1 THEN V$="H"IF L=2 THEN Y$="X"GOTO 1470 IF L=1 THEN IF L=2 THEN Tfl=TI-T TZ=TZ+TR TX=TZ/IR(1,1)=J:R(I,2>=K:R(I,3>=L:R(I,4)=TR:R(I,5)=TZ: IF C=0 THEN 1491 IF 1=20 THEN STOP IF 1-010 THEN 1496 IF 1=10 THEN TZT=TZ PRINT"3",F$(13>T=TIIF TI-TC10 THEN 1495 1 = 1 + 1X=PEEK<59471>IF X=255 THEN 1068 GOTO 1500 SYS(901>POKE 59467,0 POKE 59466,255 D=PEEK(1015>OPEN 1,8,10,FL$PRINT#1,D ;CHR$(13);
FOR G=0 TO D X(G ,1)=PEEK(30976+G >X(G,2>=PEEK(31232+G>X(G ,3)=PEEK(31488+G >X(G,4 > =PEEK(31744+G >PRINT#1,X(G ,1);CHR$(1 PRINT#1,X(G ,2);CHR$(1 PRINT#1,X (G ,3>;CHR$(1 PRINT#1,X (G ,4>;CHR$(1 NEXT G CLOSE 1 STOP'
R (I,6 > =TX;R$(I)—Y$
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300030 1 03020303030403050306030703030400040104020403040407000701070207030704070507098710071107120713071407150715571607190721072207230724072507260727072807290730073017302 7310 7320 7330 7340 7350 7360 7370 7380 7390 740074057406 7410 7420 7430
X(G,3),X(G,4>
OPEN 1,8,10,RL$INPUT#!,0 FOR G=0 TO D INPUT#1,X(G,1)INPUT#!,X<G,2>INPUT#1,X(G,3>INPUT#1,X(G,4)NEXT G CLOSE!PRINT D FOR 0=0 TO D PRINT X (G,1),X (G ,2>NEXT G STOPPOKE 59467,16 POKE 59466,15 
1 =  1 TZ=0 R=1 X=255 SVS(890)IF R=4 THEN 7150 POKE 59464,0 T=TIIF TI-T<;10 THEN 7130 ON R GOTO 7190,8470,8520 X=(PEEK(59471)RND 3)POKE 59464,10 GOTO 8560J=1 + 1NT < RND(1)*12)R=2ON J GOTO 7230,7330,7430,7530,7640, POKE 59464,140T=TIIF TI-T<10 THEN 7250 POKE 59464,125 T=TIIF TI-TC10 THEN 7280 POKE 59464,105 T=TIIF R<4 THEN 7310X=<PEEK(59471) RND 3)IF TI~T<10 THEN 7302GOTO 7100P0KE59464,237T=TIIFTI-T<10 THEN 7350 POKE 59464,157 T=TIIF TI-T<10 THEN 7380 POKE 59464,237 T=TIIF fl<4 THEN 7410 X=(PEEK(59471) RND 3) IF TI-T<10 THEN 7406 GOTO 7100 POKE 59464,233
'40 , 7850 , 7960 , 8060 ,
8170,8270,8370
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7440 T=TI7450 IF TI-T<10 THEN 7450 7460 POKE 59464,148 7470 T=TI7480 IF TI-T<10 THEN 7480 ' 7490 POKE 59464,157 ,7500 T=TI '7501 IF A<4 THEN 7510 ,7502 X=( PEEK(59471) m03.y 7510 IF TI-IC10 ll-lEN 7502 7520 GOTO 7100*7530 POKE 59464,210 ;7540 T=TI,7550 IF TI-TC10 THEN 7550 T560 POKE 59464,125 ;7570 T=TI7580 IF TI-TC10 THEN 7580 7590 POKE 59464,0 7600 POKE 59464,125 ‘7610;T=TI7611 IF R<4 THEN 7620)7612: %= (PEEK(59471 ) AND 3)■76201 IF TI“TC10 THEN 7612 •7630 GOTO 71007640 POKE 59464,1797650 T=TI7660 IF TI-TC10 THEN 7660 7670 POKE 59464,168 7680 T=TI7690 IF TI“T<10 THEN 7690 7700 POKE 59464,1577710 T=TI7711 IF R<4 THEN 77207712 X=(PEEK(59471) RND 3) 7720 IF TI"TC10 THEN 7720 7730 GOTO 71007740 POKE 59464,200 7750 T=TI7760 IF TI-TC10 THEN 7760 7770 POKE 59464,0 '7780 POKE 59464,200 ,7790 T=TI7800 IF TI~T<10 THEN 7800 7810 POKE 59464,1407820 T=TI7821 IF R<4 THEN '78307822 (PEEK(59471) AND 3) 7830 IF TI-TC10 THEN 7822 7840 GOTO 71007850 POKE 59464,132 7860 T=TI7870 IF TI-TC10 THEN 7870 7880 POKE 59464,0 7890 POKE 59464,132 7900 T=TI7910 IF TI-TC10 THEN 7910 .7920 POKE 59464,1907930 T=TI7931 IFRC4 THEN 7940 .7932 X=(PEEK(59471) RND 3)
7940 IF TI-TC10 THEN 7932 7950 GOTO 7100 7960 POKE 59464,168 7970 T=TI7980 TF TI-T<10 THEN 7980 
7990 POKE 59464,179 8000 T=TI8010 IF TI-TC10 THEN 8010 8020 POKE 59464,2238030 T=TI8031 IF R<4 THEN 80408032 X=(PEEK(59471) RND 3) 8040 IF TI-T<:10 THEN 8032 8050 GOTO 71008060 POKE 59464^140 8070 T=TI8080 IF TI-T<10 THEN 8080 8090 POKE 59464,223 8100 T=TI8110 IF TI-TC10 THEN 8110 8120 POKE 59464,0 8130 POKE 59464,2238140 T=TI .8141 IF R<4 THEN 81508142 X=(PEEK(59471) AND 3) 8150 IF TI-TC10 THEN 8142 8160 GOTO 71008170 POKE 59464,148 8180 T=TI8190 IF TI-T<10 THEN 8190 8200 POKE 59464,190 8210 T=TI8220 IF TI~T<10 THEN 8220 8230 POKE 59464,1688240 T=JI8241 IF R<4 THEN 82508242 X=(PEEK(59471) RND 3) 8250 IF TI-T<10 THEN 8242 8260 GOTO 71008270 POKE 59464,179 8280 T=TI8290 IF TI-TC10 THEN 8290 8300 POKE 59464,223 8310 T=TI8320 IF TI-TC10 THEN 8320 8330 POKE 59464,1798340 T=TI8341 IF R<4 THEN 83508342 X=(PEEK(59471) AND 3) 8350 IF TI-TC10 THEN 8342 8360 GOTO 71008370 POKE 59464,190 8380 T=TI8390 IF TI-TC10 THEN 8390 8400 POKE 59464, 210 8410 T=TI8420 IF TI-TC10 THEN 8420 8430 POKE 59464,148
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8440 T=TI8441 IF fl<4 THEN 84508442 X=(PEEK(59471) RND 3>8450 IF TI-TC10 THEN 8442 8460 GOTO 71008470 K>1+ INT(RND(1)*12)8480 IF K=J THEN 8470 8490 R=38500 IF TI-T<10 THEN 85008510 ON K GOTO 7230,7330,7430,7530,7640,7740,7850,7960,8060,
L=1*IHT<RHD<1>*2> 18170,8270,83708530 R=4 !8540 IF L=1 THEN 7220 8550 IF L=2 THEN 851er"8560 X=(PEEK<59471> RND 3)8570 IF X=1 THEN GOTO 8600 8580 IF X=2 THEN 8630 8590 GOTO 8560 8600 IF L=1 THEN V$="H"8610 IF L=2 THEN V$="X"8620 GOTo 86508630 IF L=1 THEN V$="X " " '8640 IF L=2 THEN V$="H" '8650 TR=Tr-T ~ ’ ---8660 TZ=TZ+Tfl8680 R (1,1) =J : R ( I , 2 > =K : R '■ I , 3 )=L:R$(I > =V$ : R ( 1,4) =TR 8690 IF C=0 THEN 87018700 IF I=20THEN STOP8701 IF 1 0 9  THEN 87068702 IF 1=9 THEN RV=TZ8703 PRINT"3"8704 T=TI8705 IF TI-TC10 THEN 87058706 IF IC 10 THEN 87108707 IF I>=10 THEN*'E=E+TR8708 IF I>=10 THEN TX=E/I-9 8710 1=1+18720 X= <3 RND(NOT(PEEK(59471))))8730 IF X=0 THEN 7190 8740 GOTO 8720 8750 PRINT I, E,TX,RV 8760 FOR Y=1 TO I8770 PRINT R(Y,1),R(Y,2),R(Y,3);R$(Y)8780 NEXT V 8790 STOP 8800 POKE 59467,0 8810 POKE 59466,255 8815 SYS(901)8820 OPEN1,48830 CMDl8840 PRINT S,B3850 PRINT I,TZE,TX,TZT8860 FOR V=1 TO I8870 PRINT R (Y ,1),R (V ,2),R (Y ,3),R$(Y );R (Y ,4)8880 NEXT V 8890 PRINT#1 8900 CLOSEi" -8910 END
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8950895189528953895489558956 9000 9020 9030 9040 9050 9060 9070 9080 9090 9100 9110 9120 9130 9140 
9150 9160 9170 9180 91^0 9195 9280 9285 9290 9300
DATA 120,169,58,133,144,169,3DATA 133,145,88,96DATA 120,169,46,133,144,169,230DATA 133,145,88,96FOR Q= 890 TO 911READ X:POKE Q,XNEXT QDATA 169,0,174,247,3,173,79,232 DATA 205,248,3,240,27,141,243,3 DATA 157,0,121,165,141,157,0,122 DATA 165,142,157,0,123,165,143 DATA 157,0,124,232,142,247,3 DATA 76,46,230,234,234,234 DATA 76,46,230 DIM X(255,4> POINTERSREM RESET TOP. OF MEMORY POKE 52,0:POKE 53,121 REM SET DATA DIRECTION REGISTER POKE 59459,0REM SET STARTING VALUES OF REM LAST AND X REGISTER COMPARISON POKE 1015,0:POKE 1016,0 REM READ IN MACHINE CODE ROUTINE FOR Q=S26 TO 872 READ X:POKE Q,X NEXT Q RETURN STOPSYS(901)FOR G=0 TO 200 X(G ,1> =PEEK(30976+G).9310 X(G^2)=PEEK^31232+G)9320 X (G ,3)=PEEK(31488+G)9330 X(G,4)=PEEK(31744+G >9340 PRINT X <G ,1>,X (G ,2>,X (G ,3),X <G ,4) 9350 NEXT G9360 POKE 144,46:POKE 145,230 9370 END10000 X=PEEK(59471>10002 PRINT X10005 FOR 1=1 TO 8 :A(I)=0:NEXT I10006 STOP10010 FOR 1=7 TO 1 STEP -110020 IF X>2tl THEN A(I> = 1 :X=X-2tI10030 NEXT I10040 FOR 1= 1 TO 8: PR I NT A(I>.?:NEXT I10050 PRINT : GOTO 1000011000 X=(3 AND <N0T(PEEK(59471>)>)11010 PRINTX 11020 GOTO 11000 11030 STOP12000 PRINTPEEK<59471>12001 GOTO 12000
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Program 2 is used to extract the information stored on disc during experiment 6 and to compute the data for measures i-V' in chapter 8.
10 A=B=C=D=E=F=G=H=I=J=K=0 20 L=M=N=0=P=Q=R=S=T=U=V=W=X=Y=Z=0 30 DIN R(100,7>40 DIM R$(100)45 DIM X(255,4>50 INPUT "SUB";S52 INPUT "NUMBER";N53 IF N=1 THEN GOTO 5554 IF N=2 GOTO 5755 FOR B=1 TO 956 GOTO 9857 FOR B=ll TO 1998 R=0 :V=0 :C=0:E=0:F=0:H=0:N=G:T=0:J=0:K = 0 :L=0:P=0:
Q=0:W=0 :CC=0: DD=0100 N$="S"110 A$=STR$(S)120 H$=N$+A$130 A$=STR$(B>140 N$=N$+A$200 RL$="0:"210 RL$=RL$+N$220 RL$=RL$+",SEQ,READ300 OPEN 1,8,10,RL$310 INPUT#1,N$320 INPUT#!,S340 INPUT#!,B350 INPUT#!,I360 INPUT#!,TZ370 INPUT#!,TX380 INPUT#!,AY390 FOR Y=1 TO (I-l)400 FOR J= 1 TO 4410 INPUT#!,R<Y,J>420 NEXT J430 INPUT#!,R$(Y)440 NEXT Y450" INPUT#!,D
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460 FOR 0=0 TO D 470 INPUT#!,X(G,i>480 INPUT#! ,X':;G,2)490 INPUT#!,X(G,3)500 I NPUT# 1 , X '■ G , 4 >505 NEXT G 510 CLOSE 1600 OPEN1,4601 CMDl.609 _PRINT_,N$_ .610 PRINT I,TZ,TX,F1V‘620 FOR U=0 TO 9 630 P=P+(R<U,4>>640 NEXT U 650 Q=P/10 660 W=<TZ-P)/(I"11>670 PRINT P,Q,W 800 PRINT D 805 FL=0810 FOR G=0 TO(D-l)820 Y=X(G,1)821 IF Y>=253 THEN GOTO 829822 IF FL=1 THEN GOTO 829823 FL=1824 Rfl=X(G,4):BB=X(G,3>825 IF RR OR BB >0 THEN GOTO 829826 FL=0829 IF G=D-1 RND VC253 THEN GOTO 876IF Y:>=249 RND Y<=251 THEN GOSUB 3000IF Y>=245 RND Y 0 2 4 7  THEN GOSUB 4000IF Y>=237 RND YC=239 THEN GOSUB 5000IF Y>=221 RND YC=223 THEN GOSUB 6000IF Y=248 OR Y<245 AND Y>239 OR Y<237 AND Y>233 OR Y<221 IF GO(D-l) THEN GOTO 880 THEN GOSUB 7000876 LL=X(G ,4):MM=X(G ,3) :NN=X(G ,1)880 NEXT G1000 PRINT A,V1010 PRINT C,E1020 PRINT F,H1030 PRINT N,T1 100 J=A+C+F+N1110 K=V+E+H+T1120 L=J/2551200 PRINT J,K,L1203 CC=LL-AA1204 DD=MM-BB1205 IF CC>=0 THEN GOTO1206 CC=CC+256:DD=DD-11 1208 PRINT AA,BB1209 PRINT LL,MM,NN1210 PRINT CC,DD1220 FOR Y=1 TO I1230 PRINT R(Y,4),R$(Y)1240 NEXT V1250 CLOSE!1300 NEXT B1305 STOP
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3000 M=G3005 Z=XC< G+2 >,1)3010: IF(X<<G+1),1)C253 OR Z< 249 OR Z> 25DT H E H  GOTO 3100 3050!G=(G+2):GOTO 300531001 XX= ( X ( < G+1 > , 4 ) -X M , 4 > > ; IF XX>=0 THEN GOTO 3109 3105/XX=XX+256:V=V-13109 R=R+XX3110 V=V+ ( X < ( G+1 > , 3 > -X M , 3 > )3200 RETURN4000 M=G4005 Z=X ( < G+2 , 1 >4100 IF<X((G+1>,1>< 253 OR ZC245 OR Z>247>THEN GOTO 4200 4150 G=(G+2):GOTO 40054200 XX= <X ((G+T>,4)-X(N,4 > >;IF XX>=0 THEN GOTO 4250 4205 C=C+25S:E=E-1 4250 C=C+XX,4300 E=E+(X(c:G+1>,3)-X(M,3>> ■4400 RETURN5000 M=G —    - —5005 Z=X <(G+2 >,1>5100 IF <X((G+1),1)< 253 OR Z<237 OR Z>239) THEN GOTO 5300 5150 G=(G+2> zGOTO 50055300 XX=X((G+1),4)-X(M,4):IF XX>=0 THEN GOTO 5350 5305 XX=XX+256:H=H-1 • ■5350 F=F+XX 5400 H=H+X(<G+1),3 >-X(M ,3)5500 RETURN6000 M=G '6005 Z= < X ((G+2 >,1> >6100 IF(X(<G+1 >, 1 >-C 253 OR ZC221 OR Z>223>THEN GOTO 6200 6150 G=(G+2>:GOTO 60056200 XX=(X ((G+1>,4 >-X CM,4 > >;IF XX>=0 THEN GOTO 6250 6205 XX=XX+256:T=T-1 6250 N=N+XX6300 T=T+ < X <(G+1>,3)-X(M ,3 > >6400 RETURN7000 P RI NT G , V , X (0,4), X ( ( G+1 ) , 4 ) , X (G,3 ) , X ( ( G+1 ) , 3.)7001 RETURN 14220 PRINT N$14230 PRINT S 14240 PRINT B14250 PRINT I,TZ,TX,RV 14260 FOR V=1 TO (I-l)14270 PRINT R (V ,1),R (V,2),R (Y,3),R (Y ,4);R$(Y )14280: NEXT Y 14298: PRINT D 14300 FOR G=0 TO D14310 PRINT X (G ,1),X (G ,2),X (G,3),X(G ,4)14320 NEXT G143301 STOP16000 FOR Y=1 TO I16010 PRINT R(Y,1),R(Y,2),R(Y,3),R(Y,4);R$(Y)16020 NEXT V16030 FOR G=0 TO 20016040 X (G ,1)=PEEK(30976+G)16050 X(G ,2)=PEEK(31232+G)16060 X(G,3)=PEEK(31488+G)16070 X(G,4)=PEEK(31744+G)16080 PRINT X(G,1>,X<G,2),X(G,3),X(G,4)16090 NEXT G
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APPENDIX 4 IMAGERY QUESTIONNAIRE
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The Vividness of Visual Imagery Questionnaire was given 
to subjects taking part in experiment 6. This 
questionnaire has a reported test-retest reliability 
coefficient of 0.74 (n = 68) and a reported split-half 
reliability coefficient of 0.85 (n = 150). Subjects 
completed the questionnaire (as presented below) 
immediately after finishing experiment 6 and before 
being debriefed from the experiment.
Imagery Questionnaire
Individuals vary in their ability to form mental images, 
some reporting very vivid and clear visual images while 
others maintain that they have little or no ability to 
visualise.
The items in the questionnaire below will possibly bring 
certain images to your mind. Would you, for each item, 
please rate the vividness of each image on a scale of 
1 - 7  where 7 indicates a perfect visual image and 1 an 
inability to form such a visual image. As you proceed 
through the questionnaire please do not refer back to 
previous items.
For items 1 - 4 ,  think of some relative or friend whom 
you frequently see (but who is not with you at present) 
and consider carefully the picture that comes before 
your mind's eye.
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Item Rating
1. The exact contour of face, head, shouldersand body ( )2. Characteristic poses of head, attitudes ofbody, etc. ( )3. The precise carriage length of step etc. inwalking ( )4. The different colours worn in some familiarclothes ( )
Visualise a rising sun. Consider carefully the picture that comes before your mind's eye.
Item Rating
5. The sun is rising above the horizon into ahazy sky , ( )6. The sky clears and surrounds the sun withblueness ( )7. Clouds. A storm blows up, with flashes oflight ning ( )8. A rainbow appears ( )
Think of the front of a shop which you often go to. Consider the picture that comes before your mind's eye.
Item Rating
9. The overall appearance of the shop from the opposite side of the road ( )10. A window display including colours, shapesand details bf individual items for sale. ( )11. You are near the entrance. The colour, shapeand details of door ( )12. You enter the shop and go to the counter.The counter assistant serves. Money changeshands. ( )
Think of country scene which involves trees, mountains and a lake. Consider the picture which comes before your mind's eye.
Item Rating
13. The contours of the landscape ( )14. The colour and shape of the trees ( )15. The colour and shape of the lake ( )16. A strong wind blows on the trees and on thelake causing waves. ( )
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APPENDIX 5 ELECTRICAL CIRCUIT
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Electrical Configuration of the Apparatus for Experiment 6; Chapter 8
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Input
The four inputs are connected via the shape holders to the shapes which are coated with electrically conducting paint
Output
The four outputs are connected to the Commodore Pet Parallel User Port
PA2 - Pin EPA3 - Pin FPA4 - Pin HPA5 - Pin JGND - Pin A
Circuit Board Connecting Apparatus to the Microcomputer in Experiment 6 (chapter 8)
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Box
Shapes 
Circuit 
Sound Box
Department of Psychology University of Surrey Stag Hill Guildford
Pet 32K '3032'
Dual Disk Drive '4040' 
Tractor Printer '4022'
Commodore Business Machines Ltd 360 Euston Road LONDON NWl 3BL
Foot Switches 
Electrical Components )Electrically Conducting Paint )
R.S. Components Limited 13-17 Epworth Street LONDON EC2P 2HA.
Equipment Used in Experiment 6 (Chapter 8)
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